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PREFACE

The present book is an assortment of tailored lecture notes for students of Food
Technology, strictly based on the syllabus for B. Tech (Food) 2nd Year. The notes
are basically compilation from different books. Although the subject matters dealt
with herein are fairly general in nature, a short bibliography has been included as
an acknowledgement to the original authors. Great effort has been expended in
maintaining the consistency of the presentation, particularly with respect to style of
writing molecular structures. Other features of this book are extensive crossreferencing, indices, and appendices, which we believe will be very helpful to the
students. Wherever possible, technical jargons have been avoided (or explained in
simple terms, when inevitable).
Although great care has been taken to avoid errors it is possible that we might have
missed some of them. We would be very grateful if these errors are brought to our
notice so that necessary corrections can be done for later editions.
This book (the biomolecule part that deals with carbohydrates, proteins and lipids,
in particular) can be useful to students of other disciplines also.

Jagat Bahadur K.C.
Basanta Kumar Rai
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CHAPTER 1: CHEMICAL COMPOSITION OF FOOD
The foods that we eat are of biological origin. They therefore contain biological
compounds in large amounts. The main categories of biomolecules that we find in
food are (i) carbohydrates (ii) lipids, (iii) proteins, (iv) nucleic acids, and (v) vitamins
and hormones. These compounds are almost entirely made up of six major elements,
viz., oxygen, carbon, hydrogen, nitrogen, phosphorus, and sulfur. Food also contains
varying amounts of minerals like calcium, potassium, sodium, magnesium, iron,
iodine, magnesium, etc. The organic components that form the bulk of what we eat
consist mainly of carbohydrate, protein and fat. Other food constituents that are
present in very small amounts but are no less important with respect to their
nutritional role are vitamins and minerals. Most foods also contain significant
amounts of water. Although water is the solvent of life we do not primarily depend
on staple foods for water. We fulfill our requirement of water by drinking water
and other liquid foods, e.g., juices.
Thus, in terms of nutrition, natural food may be supposed to consist mainly of:
(i) Carbohydrate (available), (ii) Crude fiber, (iii) Protein, (iv) Lipid, (v) Moisture,
(vi) Minerals, and (vii) Vitamins.
However, processed foods may also contain additives such as colors, emulsifiers,
enzymes, antioxidants, etc.
The above-mentioned components of food are present in different amounts in
different foods, depending basically on the primary source (animal, plant, marine,
etc.) and the extent and nature of processing (e.g., drying, concentration, etc.). A
summary of distribution of the major components in different food items is shown
in Table1-1.
The data presented as above are called food composition data. Such data are
prepared by different organizations, at national and international levels. The United
Nations University's International Food Data Systems Project (INFOODS) has
prepared one of the most comprehensive food composition data.
In very comprehensive food composition tables, energy value of each food type
and profiles of minerals, amino acids, vitamins, pigments, etc., are also given. Food
composition table of East Asia is directly accessible at http://www.fao.org/docrep/
003/X6878E/X6878E00.htm. Similarly, the food composition databank of
Denmark can be downloaded from http://www.foodcomp.dk/fcdb_download.asp
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Food composition table of Nepalese foods can be obtained from Department of
Food Technology and Quality Control (DFTQC), Nepal Government. See
Appendix for a condensed form of food composition data of Nepalese foods.
Table 1-1: Distribution of components in different food items
Food

Crude
protein, %
Cow milk
3-4
Human milk
1.6
Rice
8
Soybean,
43.2
grey
Potato
2
Carrot
1.1
Fish
16-20
Pork
12-16
Beef
18-19
Whole egg
10-12

Crude Carbohydrate, % Ash, % Moisture, % Crude
fat, %
fiber, %
3.8
4.75
0.7
87
0
3.8
7
0.2
87.4
0
2
77.8
0.7
11
0.5
19.5
20.9
4.6
8.1
3.7
0.1
0.1
5
45-50
14-32
11

18.5
9.1
1.0
1.0

1.0
1.0
1.0
0.6
1.0
11.7

78
87.5
70
42
60-66
65

0.4
1.2
0
0
0
0

Since food is a major component of man’s environment, data on what it contains
are critical to important activities of a great variety of individuals and groups
related to following areas:
1.
2.
3.
4.
5.
6.

Health assessment
Formulation of appropriate institutional and therapeutic diets
Food and nutrition training
Food consumption surveys
Food industry
Dietary planning and estimation of nutrient composition of composite
foods
7. Epidemiological research
8. Government regulation formulation and enforcement
9. National and international trade

For many parts of the world, however, such data are lacking or inaccessible,
incompatible, and incomplete.

CHAPTER 2: CLASSIFICATION OF FOODS
Food may be classified on various bases. On the basis of nutritional value, foods
are broadly classified into 10 groups:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Cereals
Legumes, oilseeds and nuts
Vegetables
Fruits
Milk and milk products
Meat, fish, poultry and egg
Oils and fats
Sugar and syrups
Beverages
Roots and tubers.

According to food guide for food selection purpose, foods can be grouped into
basic five food groups:
1. Cereals (staple food)
2. Protein foods (animal and plant source)
3. Protective vegetables and fruits (Vitamin A and Vitamin C rich fruits and
vegetables)
4. Other fruits and vegetables (roots and tubers, berries, etc)
5. Fats/oils and sugars.
Based on function, foods are classified into 3 groups:
1. Energy yielding foods (rich in carbohydrate and fat)
2. Body building foods (rich in protein and minerals)
3. Protecting and regulating foods (rich in vitamins, minerals, protein and
water)
From food chemistry point of view, foods are classified into 6 broad groups:
1.
2.
3.
4.
5.
6.

Carbohydrates
Proteins
Fat
Minerals
Vitamins
Water
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Very briefly, the role of major components of foods can be summarized as follows:
I. Carbohydrates
1. Provide energy (physiological energy value ~ 4kcal/g; gross energy value
~ 4.1kcal/g)
2. Excess carbohydrate changes into fat and protein
3. Exert sparing action of own protein
4. Essential for oxidation of fat (fat is burned in the flame of carbohydrate)
5. Indispensable for nervous system
6. Synthesis of biomolecules
II. Fats
1. Concentrated source of energy (physiological energy value ~ 9kcal/g; gross
energy value ~ 9.45kcal/g)
2. Essential for the absorption of fat-soluble vitamins (Vit A, D, E, and K)
3. Supply essential fatty acids
4. Reduce the bulk of diet (do not swell like carbohydrate)
5. Improve palatability and satiety value
6. Serve as reserve source of energy
7. Adipose tissues act as insulating material (from heat, injury, etc.)
8. Phospholipids are essential for nerve function
9. Cholesterol is essential or serves as precursor for the formation of bile
acids and steroid hormones
III. Proteins
1. Body building, growth and renewal of tissue
2. Synthesis of enzyme, nucleic acids, blood proteins and hormones of
protein nature
3. Provide energy (physiological energy value ~ 4kcal/g; gross energy value
~5.65kcal/g)
4. Provide essential amino acids
5. Excess proteins are converted into fatty acids and glucose
6. Essential for nutrient digestion, metabolism, and transport of minerals
7. Metabolic regulation by enzymes
8. Defense mechanism
IV. Vitamins
1. Essential for growth, normal function and body processes
2. Individual vitamin has specific function to do in the body. Its absence or
deficiency causes specific disorders. Thiamine deficiency causes beri beri.
Vitamin A is necessary for bright eyes and vision.
3. Some vitamins act as coenzymes (mainly Vitamin B complex)

FOOD CHEMISTRY
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V. Minerals
1. Necessary for body building, e.g., bones, teeth, structural parts of soft
tissues
2. Play a role in the regulation of processes in the body
3. Act as electrolyte
4. Some are required in small amounts for specific functions, e.g., iron in
hemoglobin, iodine in thyroxin
5. As cofactors in enzymes
6. Deficiency results in specific disorders, e.g., goiter in iodine deficiency,
anemia in iron deficiency
VI. Water
1. Essential part of our body structure (60-70% water present in human body,
~ 80% in babies). Dehydration occurs at water content < 50%
2. Utilization of food materials in the body and elimination of waste
3. Regulation of a number of body processes
4. Reaction medium as well as reactant

CHAPTER 3: CARBOHYDRATES
From chemical point of view carbohydrates are polyhydroxy aldehydes or
polyhydroxy ketones (or compounds thereof), or polymers that can liberate these
compounds upon hydrolysis (Fig. 2-1). With some exceptions, carbohydrates have
the general formula: CnH2nOn, where n refers to any positive integer. Carbohydrates
can also be represented by (CH2O)n where n ≥ 3. This formula indicates that the
term ‘carbohydrate’ is derived from ‘carbon-hydrate’. Carbohydrates are a major
source of energy for man and many animals. In man’s diet, the chief carbohydrate
is the starch; it also constitutes the bulk of what he eats. For a child, lactose is of
course the major carbohydrate.
H

CH2OH
C O

ketone group

HO C H
H C OH

O

aldehyde group

C
H C OH
HO C H
hydroxy group

H C OH
CH2OH
Fructose molecule

H C OH

hydroxy group

H C OH
CH2OH
Glucose molecule

Fig. 2-1: Examples of polyhydroxy aldehyde and polyhydroxy ketone
CLASSIFICATION OF CARBOHYDRATES
Carbohydrates may be classified into three broad groups, namely:
1. Monosaccharide: glucose, fructose, galactose, ribose, xylose, arabinose,
ribulose, etc
2. Oligosaccharide: sucrose, maltose, cellobiose, melibiose, lactose, raffinose, etc
3. Polysaccharide: starch, glycogen, dextrin, chitin, hyaluronic acid, pectin, etc
MONOSACCHARIDES
Monosaccharides are the simplest units of carbohydrate and cannot be hydrolyzed
further into smaller units under reasonably mild conditions. They are often called
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simple sugars or neutral sugars. The term sugar in food chemistry implies
carbohydrate that is soluble in water and sweet in taste.
In fact, not all monosaccharides are neutral, nor are they only made up of carbon,
hydrogen and oxygen. There is indeed a wide range of monosaccharides, for
instance, osamines, uronic acids, sialic acid (= neuraminic acid), etc. Neutral
monosaccharides can be divided into trioses, tetroses, pentoses, hexoses, etc.,
depending on the number of carbons present; and aldose or ketose depending on
whether the functional group is an aldehyde or a ketone. Some examples of simple
sugars are given in Table 2.1.
Based on configuration, monosaccharides can be further classified into two
families (i) L-family and (ii) D-family, taking the configuration of glyceraldehyde
as standard (Fig. 2-2). The sugars having the same configuration as of Dglyceraldehyde at the asymmetric carbon most distant (= penultimate carbon) from
the carbonyl group are designated as D-sugars. Those with opposite configuration
(that of L-glyceraldehyde) are called L-sugars. The term configuration as used here
refers to chirality or the disposition of substituents in an asymmetric carbon.
Configuration may be altered only by severance of covalent bond. Another term of
importance in carbohydrate chemistry is conformation, which is defined as those
changes in ring shape which are possible when rotating substituents about a bond
linking two carbon atoms. The two common ring sizes of the sugars are the sixmembered pyranose ring and the five-membered furanose ring (Fig. 2-5).
Table 2.1: Some examples and classification of monosaccharides
Generic
name

Common name
Carbon no.

Triose

3

Empirical
formula
C3H6O3

Aldose

Ketose*

Glyceraldehyde

Dihydroxyacetone

Tetrose

4

C4H8O4

Erythrose

Erythrulose

Pentose

5

C5H10O5

Ribose

Ribulose

Hexose

6

C6H12O6

Glucose

Fructose (levulose)

Heptose

7

C7H14O7

Glucoheptose

Sedoheptulose

* The suffix ‘-ulose’ is indicative of ketose sugar
The natural glucose is D-glucose. Although naturally occurring sugars generally
belong to the D-family, there are an equal number of compounds that have Lconfiguration.
The configuration and conformation underlie all the properties of food sugars and
also has to do with their distribution in nature, chemical and physical properties,
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and sensory and nutritional value. For instance, D-glucose is readily metabolized in
the body whereas L-glucose is not.
H

O
C

H
D-configuration

H C OH

O
C

L-configuration

HO C H

CH2OH

CH2OH

D-glyceraldehyde

L-glyceraldehyde

Fig. 2-2: D- and L-isomers of glyceraldehyde (reference compound)
GLUCOSE
Glucose is the most common monosaccharide. It is known as dextrose because it
occurs in nature principally as the optically active dextrorotatory isomer (see later
in isomerism). Glucose is found in most sweet fruits, especially grapes (10-12%)
and honey. It is an essential constituent of human blood. The blood normally
contains 64-110mg glucose per 100ml. In diabetic persons the level may be much
higher.
STRUCTURE OF GLUCOSE
The empirical formula of glucose is C6H12O6. This formula tells us nothing more than
that it is a six-carbon sugar. Since glucose has a very large number of isomers, it is
difficult to say which of the isomers the above empirical formula refers to. However,
structural formula can be used to exactly mean which isomer we are referring to. The
structure of glucose can be represented by two methods, viz., (i) Fischer projection
formula (open chain form), and (ii) Haworth formula (ring form). See Fig. 2-3(a) and
(b) for the explanation. The open chain form and the ring form account for 0.01 and
99.99% of glucose, respectively.
GENERAL PROPERTIES OF GLUCOSE
PHYSICAL PROPERTIES
Glucose is a white crystalline solid with a melting point of 146°C. When
crystallized from cold water, it forms glucose monohydrate (C6H12O6·H2O),
melting point 86°C. It is extremely soluble in water and is about 3/4th as sweet as
cane sugar.

9

FOOD CHEMISTRY
H

O
C
H 2C OH
1

H
5C

H
OH
4C
OH
OH C

HO 3C H
H 4C OH
H 5C OH

3

6CH2OH

H

5C
H
H
4C
OH
OH C
3

H

O
H
C

6 CH2OH

OH
1C

H

2

3

-D(+)glucose
(Haworth formula)

H

1 CH=O

2

OH

anomeric
carbon

6 CH2OH

5 C OH
H
H
1 CH=O
4C
OH H
OH C
C

OH

H
C

The group attached to C-4 is
pivoted as the arrow indicates

Glucose
(Fischer projection formula)

6 CH2OH

6

CH2OH

2

OH

Open form of D-glucose

5C
H
H
4C
OH
OH C
3

H

O
H
C

H
1C

OH

2

OH

-D(+) glucose
(Haworth formula)

Fig. 2-3(a): Fischer projection formula and Haworth formula of glucose
CH2OH
O

-D-glucose

Fig 2-3(b): Simplified Haworth formula of glucose (the straight lines represent
OH group)
CHEMICAL PROPERTIES
1. REDUCING PROPERTY
Not only glucose but all monosaccharides have a reducing property. They can
reduce metal ions of copper, bismuth, and silver. They are therefore called
reducing sugars. The reducing property is due to the presence of free (in the chain
form) or potentially free (in the ring form) aldehyde or ketone function.
The reaction with cupric ion is of great practical significance. It is used in the
qualitative as well as quantitative test of reducing sugars, particularly glucose. This
is the basis of Benedict test and Fehling test used routinely for glucose
determination in blood, urine, etc.
The basic reaction is as follows:
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Reducing sugar + Cu++ (cupric) Oxidized sugar + Cu+ (cuprous)
Blue color

red color

Many disaccharides, such as maltose, lactose and melibiose also have potentially
free aldehyde in their molecules and are therefore reducing sugars. Sucrose, on the
other hand, is not a reducing sugar because it has no free aldehyde or ketone group
for the reducing reaction (Fig. 2-14).
2. ISOMERISM
The study of carbohydrates and their chemistry immediately introduces the topic of
isomerism. Organic compounds with the same molecular formula but different
physical and chemical properties are called isomers and the phenomenon is called
isomerism. There are two main types of isomerism, viz., (i) Structural isomerism,
and (ii) Stereoisomerism. A recapitulative diagram showing the different types of
isomerism is given in Fig. 2-4.
ISOMERISM
Stereoisomerism
Optical isomerism (e.g., dextrorotatory and levorotatory)
Geometrical (or cis-trans) isomerism (e.g., oliec acid and isooleic acid)
Structural isomerism
Chain isomerism (e.g., n-butane and isobutane)
Positional isomerism (e.g., (e.g., 1-bromobutane and 2-bromobutane)
Functional group isomerism (e.g., ethyl alcohol and diethyl ether)
Metamerism (e.g., diethyl ether and methylpropyl ether)
Tautomerism (e.g., ketone form and enol form)

Fig. 2-4: Different types of isomerism
In monosaccharides, following isomerisms are involved:
(i) Aldose-ketose isomerism
This is exemplified by the isomerism between aldehyde and ketone function, e.g.,
glucose (an aldose) and fructose (a ketose). See Fig. 2-1 for structure of these sugars.
(ii) Optical isomerism
Optical isomerism is usually encountered when a molecule contains one or more
asymmetric carbon atoms. When four different groups are attached by tetrahedral
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bond to carbon atom, the latter in the center of the molecule is said to be an
asymmetric carbon atom (Fig 2-5). The four different groups are shown in the
figure by A, B, D and E. These groups around the asymmetric carbon can be
arranged in space in two different ways so that two different compounds with
mirror images are formed. These mirror-image isomers constitute an enantiomeric
pair; one member of the pair is said to be an enantiomer of the other.
These enantiomers show optical activity. One of them rotates the plane of polarized
light in the clockwise direction (called dextrorotatory, denoted by ‘+’ sign) while
the mirror image isomer rotates the plane of polarized light to the same extent in
the anticlockwise direction (called levorotatory, denoted by ‘’ sign).
The number of optical isomers possible in carbohydrates increases with the
increase in the number of asymmetric carbon atoms. According to van’t Hoff’s
formula, the number of optical isomers is given by 2n where n = number of
asymmetric carbon atoms. Thus, glucose has 4 asymmetric carbons (Fig. 2-1) and
24 = 16 isomers.
B

A

C

B

D

D

E

C

E

Fig. 2-5: An asymmetric carbon atom with mirror image groups
(iii) Epimerism
It is the stereoisomerism in respect of the groups of a single asymmetric carbon
atom of a molecule containing more than one asymmetric carbon. For example,
galactose and mannose are two epimers of glucose; they differ from glucose in the
configuration of groups on the 4th and 2nd carbon, respectively (see Fig. 2-6)
H

O

1C

H 2C OH
HO 3C H
HO4C H
H 5C OH
CH2OH

6

Galactose molecule

H
1

O
C

H2C OH
HO3C H

H

O
C

1

HO2C H
HO3C H

H4C OH

H4C OH

H5C OH

H5C OH

6

CH2OH

Glucose molecule

Fig. 2-6: Examples of epimerism

CH2OH

6

Mannose molecule
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(iv) Tautomerism
Sugars can form either a 5-membered ring structure (called furanose form) or a 6membered ring structure (called pyranose form). The ring is formed by the
condensation of the aldehydic or ketonyl group with alcoholic group of another
carbon of the same molecule. A hemiacetal or hemiketal is thereby formed in the
aldose or ketose, respectively (Fig. 2-7).
CH2OH

CH2OH
O H
H
H
OH H
OH
OH
H

HO C H

O

H

OH H
H

OH

OH
H

-D-glucopyranose

OH

-D-glucofuranose

Fig. 2-7: Six-membered and five-membered ring forms of glucose
In solution, glucose exists as an equilibrium mixture of D-glucofuranose, openchain form and D-glucopyranose, with the pyranose form dominating in all
aldohexoses. The pyranose in turn can show a chair-boat isomerism with its ring
existing predominantly in the chair form (more stable form, Fig. 2-8).
O
CH2OH
HO

OH
OH

HO

D-glucose

Fig. 2-8: Chair conformation of D-glucose
(v) Anomerism
In pyranose or furanose form, the aldehydic or ketonyl carbon (C-1 in aldoses and
C-2 in ketoses) becomes a new asymmetric carbon. An additional stereoisomerism
called anomerism results from the orientation of H and OH around the anomeric
carbon. The anomeric forms are represented by  and . In the  anomer, the OH
group is oriented furthest from the CH2OH group. In the  anomer, the anomeric
OH is oriented close to the CH2OH. In the plane of paper, the OH group is placed
vertically downward to represent the  form (Fig. 2-9). The existence of
anomerism in glucose makes a total of 32 isomeric forms.
 and  anomers have different specific rotations (rotation of the plane of polarized
light under standard condition). In solution, each anomer gradually changes into
the other until an equilibrium mixture of the two is attained. This causes a gradual
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change in the optical rotation until it stabilizes at some point (+ 52.7° for glucose).
This phenomenon is called mutarotation.
CH2OH
O H
H
H
OH H
OH
OH
H
OH

CH2OH
O OH
H
H
OH H
OH
H

-D-glucopyranose

-D-glucopyranose

H

OH

Fig. 2-9: Anomerism in glucose
About 99.99% of glucose exists as ring structure. The concentrations of  and 
anomeric forms are 36% and 64%, respectively. The specific rotations of  and forms are +112.2° and +18.8°, respectively. The resultant optical rotation of the
equilibrated mixture is a simple arithmetic mean of the individual species in the
mixture.
3. REACTION IN ACID SOLUTION
Weak acids oxidize glucose to gluconic acid. Strong acids oxidize glucose to
glucaric acid. Treatment with strong mineral acids dehydrates glucose to 5hydroxymethyl furfural (Fig. 2-10.a). This compound readily polymerizes to give
brown tars. It also condenses with phenols to give characteristically colored
products, which form the basis of Molisch test and anthrone test (tests for the
presence of carbohydrate).
H

O
C

H C OH
HO C H
H C OH
H C OH

Acid
Heat

HOCH2
3H2O

O

CHO

5-hydroxymethyl furfural

CH2OH
Glucose

Fig. 2-10.a: Dehydration of glucose by mineral acid
In dilute acid solution, aldohexoses form anhydro products with the loss of a water
molecule, the most common being 1,6-anhydro sugars (Fig. 2.10.b).
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CH2O
O

Fig. 2-10.b: 1,6-anhydroglucose
4. ESTER FORMATION
Formation of phosphoric acid ester (phosphorylation) is of vital importance in
cellular reactions. An example of the formation of glucose-6-phosphate is given
below:
Glucose + ATP hexokinase

 glucose-6-phosphate + ADP
5. REACTION IN ALKALINE SOLUTION
The reaction of glucose in alkaline condition at low temperatures merits special
consideration because of the analogy that it bears to certain biochemical
transformations. If glucose is treated under these conditions, as the glucose
disappears, fructose and mannose appear. The reaction involves enolization. The
scheme is given in Fig. 2-11. The rearrangement in commonly known as the Lobry
de Bruyn-Alberda van Ekenstein reaction.
H

O
C

H C OH
HO C H

H C OH
C OH
HO C H

H
C OH
H
H C O
HO C H

H C OH

H C OH

H C OH

H C OH

H C OH

H C OH

CH2OH

CH2OH

CH2OH

Glucose

1,2-enediol

Fructose

Fig. 2-11: Enediol formation and isomerization of glucose in dilute alkali
FRUCTOSE
The name fructose probably implies “fruit sugar” as it is found along with glucose
in the juices of ripe fruits and honey. In the combined state, it is found in inulin
(polymer of fructose found in artichoke, dandelion, etc.) and sucrose. In man, it is a
normal constituent of blood (0.5-5mg/100ml). In honey and grape juice, glucose
and fructose are present in the ratio of ~ 1:1. In most normal diets, fructose
contributes about 15-50% of the total carbohydrate intake.
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The molecular formula of fructose is the same as that of glucose, C6H12O6.
However, it is a ketohexose. It is also called levulose because the naturally
occurring form of fructose is levorotatory.
STRUCTURE OF FRUCTOSE
Fructose differs from other glucose isomers in that the anomeric carbon is C2
rather than C1. The chain form of fructose is given in Fig. 2-1. The pyranose form
of fructose has been proposed by analogy to glucose. However, the sugar exists in
the furanose form (5-membered ring,  form) in oligosaccharides such as sucrose.
The furanose form is shown in Fig. 2-12.
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Fig. 2-12: Anomerism in fructose
GENERAL PROPERTIES OF FRUCTOSE
PHYSICAL PROPERTIES
Fructose is a white crystalline solid, melting point 103-105°C with decomposition.
It is the sweetest of all sugars (1.2-1.8 times as sweet as sucrose and more than
twice as sweet as glucose) and very soluble in water. Fresh aqueous solutions of D-fructose and -D-fructose initially show levorotations of -21° and -133°,
respectively; but both the solutions change their optical activities to -92° on
standing because of partial conversion of each anomer into the other.
CHEMICAL PROPERTIES
Fructose gives reactions similar to glucose, any difference being due to the fact that
the former contains a ketonic group, while the latter an aldehyde group.
SOME IMPORTANT FACTS ABOUT FRUCTOSE




Fructose is very susceptible to heat and acid medium: it dehydrates to nonreducing dimeric dianhydrides which are not fermentable by yeast.
Sterilization of fructose-containing media must therefore involve lowtemperature methods, e.g., filtration
Two rare inborn errors caused by a deficiency of enzymes of fructose
metabolism are known, viz., essential fructosuria and hereditary fructose
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intolerance. In these subjects, blood fructose may rise to a dangerous level.
Such subjects must avoid foods containing fructose and sucrose
Fructose has also been shown to accelerate the rate of ethanol metabolism,
especially on oral administration of 30g or more of fructose. It has also
been shown to alleviate symptoms of alcohol hangover
Fructose has been reported to cause less dental caries
Fructose is known to increase intestinal absorption of iron in man as a
result of the formation of an iron-fructose chelate complex which is better
absorbed than inorganic iron
Fructose is useful for diabetic patient. Compared to glucose, fructose is
absorbed more slowly from the gut and does not need insulin. Since
fructose is sweeter than sucrose on weight basis, control over calorie intake
is possible without sacrificing sweetness
Lately, excess intake of fructose has been associated with an increase in
cholesterol level

MANNOSE
Mannose is an epimer of glucose with difference in C2. The Fischer projection and
Haworth formula are given in Fig. 2-13).
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Fig. 2-13: Structure of mannose
Mannose is poorly utilized by the body and is rather inert. If conveyed into the
bloodstream by a transfusion method it appears to be quite toxic to humans in
modest quantities. This property of mannose can be attributed to the
configurational differences. This emphasizes the need for a chemical understanding
of nutritional (and indeed therapeutic) uses of the sugars before their indiscriminate
use, either for dietary experiments or as food additives.
Lately, mannose has been used for the treatment of urinary tract infection.
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This sugar and its derivatives are found in some trees and shrubs, enzymes
(invertase has 50% mannose), and microbial gums (alginates have mannuronic acid
residues).
DISACCHARIDES
Oligosaccharides are carbohydrate polymers of 2-10 sugar units. The
oligosaccharides containing two monosaccharide units are called disaccharides,
and those containing three units, trisaccharides. The oligosaccharides most
frequently encountered in nature are disaccharides, e.g., sucrose, lactose, maltose,
and melibiose. The trisaccharide of importance is raffinose.
Disaccharides yield two moles of monosaccharides on hydrolysis (by chemical or
enzymatic means). Some examples of oligosaccharides and their hydrolytic
products are as follows:
hydrolysis glucose + fructose
Sucrose 

hydrolysis
Maltose 
 glucose + glucose
hydrolysis
Lactose 
 galactose + glucose

hydrolysis
Melibiose 
 galactose + glucose
hydrolysis
Raffinose 
 galactose + glucose + fructose

SUCROSE
Sucrose is also called cane sugar or table sugar. Its systematic name is -Dfructofuranosyl--D-glucopyranoside. It is obtained from sugarcane and beetroot.
Sucrose is composed of -D-glucose unit and -D-fructose unit. These units are
joined by ,-glycosidic linkage between C1 of the glucose unit and C2 of the
fructose unit (Fig. 2-14). The sugar can be readily hydrolyzed into component units
by heating its acidic solution or by the enzyme -D-fructosidase.
Our interest in the study of the basic chemistry of sucrose is in exploring novel and
potentially profitable non-food outlets for sugar. The application reactions, such as
the nucleophilic substitution of sulfonates and chlorosulfonates, esterification,
elimination, halogenation and oxidation, have led to a large number of rigorously
characterized derivatives of sucrose. The potential value of these derivatives, for
example, as biologically active materials, polymerization intermediates, pesticides,
food additives and surface active agents, awaits development. The primary
hydroxyls at C6 and C6′ have been shown to react preferentially in diesterification
reaction of sucrose. An example of sugar derivative that has potential as surface
active agent is shown in Fig. 2-15.
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The sweetness ratings of different sugars, using relative sweetness scale for sucrose
as 100 is are:
Sucrose = 100
Fructose = 140
High fructose corn syrup (HFCS) = 120-160
Glucose = 70-80
Galactose = 35
Maltose = 30-35
Lactose = 20
Notice that the hemiacetal structure is missing in the structure of sucrose in Fig. 214. That is, the reducing groups in both the monosaccharides are involved in the
linkage formation. That is why sucrose is not a reducing sugar and also does not
exhibit mutarotation.
Sucrose has a melting point of 180°C and is dextrorotatory (specific rotation,  =
+66.5°). Upon hydrolysis, it yields D-glucose and D-fructose. Both the
monosaccharides have their own isomeric forms. The isomeric forms or Dglucose equilibrate by mutarotation at +52.7° and those of D-fructose at -92°.
Since the ratio of glucose to fructose in the mixture is 1:1, the net optical
rotation will be -19.65° (Fig 2-16). Because of this change from dextrorotation
(of sucrose) to levorotation (of the hydrolyzed mixture), the hydrolysis of sucrose
is termed the inversion of sucrose. The hydrolyzed mixture is therefore commonly
called an invert sugar. Sucrose is also hydrolyzed by an enzyme, the trivial name
of which, by analogy, is invertase (also called sucrase).
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CH3(CH2)7CH=CH(CH2)7COO-CH2
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Fig. 2-15: Sucrose monooleate as a surface active agent
Invert sugar
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-D-fructofuranose
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net [] = - 19.65o
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Fig. 2-16: Inversion of sucrose
LACTOSE
Lactose is also called milk sugar as it is apparently solely found in milk. It is a
dextrorotatory -1,4-linked disaccharide of -D-galactose and -D-glucose (Fig. 2-17).
It has a melting point of 203°C. Because of the presence of potentially free
aldehyde group in the molecule, it is a reducing disaccharide. Consequently, it
answers copper reduction tests.
Lactose is hydrolyzed by intestinal lactase (= -galactosidase) or by boiling with
dilute mineral acids to give equimolar mixture of glucose and galactose. Lactose
can be readily differentiated in a chemical test from other disaccharides by using
Fearon’s test: An intense red color develops when a mixture of lactose,
methylamine hydrochloride solution, and NaOH solution is heated in a water bath
at 56°C for half an hour and then cooled to room temperature.
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Fig. 2-17: Haworth formula of lactose
Melibiose is disaccharide analogous to lactose (Fig. 2-18).
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Fig. 2-18: Haworth formula of melibiose
Unlike in lactose, the galactose moiety in melibiose is in -form and is linked to D-glucose by -1,4-linkage. This disaccharide is useful in the biochemical
differentiation of top yeast and bottom yeast.
LACTOSE IN FOOD AND NUTRITION
Lactose is the major carbohydrate for neonatal of mammals. Lactose contents of
cow, buffalo, and human milk are approximately 4.6, 4.8 and 7.0%, respectively.
Lactose also has a wide range of food-, pharmaceutical-, and industrial uses. It is
used in fermentation, as a laboratory reagent, in ice cream, microbiological media,
and so on.
LACTOSE INTOLERANCE
Although milk is a very nutritious food some individuals cannot use it because of a
condition called lactose intolerance. An inborn deficiency of lactase (lactose
hydrolyzing enzyme) in the intestinal mucosa produces a failure of lactose
digestion and absorption and consequent intolerance of dietary lactose. This
condition is said to have resulted from inherited lactase deficiency.
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A gradual decline in lactase activity in the intestine with age may produce similar
lactose intolerance (primary-low lactase activity). Lactose intolerance may also
result from intestinal lesions in gastroenteritis, kwashiorkor and colitis (secondarylow lactase activity). In all cases of lactase deficiency, intestinal fermentation of
undigested lactose produces large volumes of gases. This leads to bloating,
flatulence, intestinal cramps, and abdominal pain. The osmotic effect of
unabsorbed lactose draws and retains large volumes of water in the intestinal
contents, producing diarrhea. Some of the undigested lactose may get adsorbed,
causing lactosuria (excretion of lactose in urine).
Real lactose tolerance is confined mainly to peoples whose origins lie in Northern
Europe or the Indian subcontinent and is due to 'lactase persistence'; the young of
all mammals clearly are able to digest milk but in most cases this ability reduces
after weaning. Of the Thai, Chinese and Black American populations, 97%, 90%,
and 73% (respectively) are reported to be lactose intolerant, whereas 84% and 96%
of the US White and Swedish populations, respectively, are tolerant.
GALACTOSEMIA
This is a disease that results from a genetic deficiency of an enzyme called
galactose-1-phosphate uridyl transferase, which is required by infants for
galactose metabolism. The inability of the afflicted infant to metabolize galactose
raises the blood galactose level, causes galactosuria (circulation of galactose in the
blood and then in urine), and increases galactose-1-phosphate concentration in
erythrocytes, brain, and liver. These result in symptoms like enlargement and
failure of the liver, jaundice, vomiting, diarrhea, and mental retardation. Symptoms
may be ameliorated by excluding galactose and lactose from diet.
MALTOSE
Maltose is an -1,4-linked, reducing, dextrorotatory disaccharide of -D-glucose
(Fig. 2-19). It has a melting point of 165°C. Although maltose does not occur
abundantly as such, it is present in malt, germinating grains, corn syrup, and
products of carbohydrate digestion. Maltose can be hydrolyzed by maltase enzyme
or by boiling in dilute mineral acid. It is a very important sugar in cereal-based
alcoholic fermentations like beer and whisky. In such fermentations, maltose is
derived from the hydrolysis of starch by amylase enzyme. Since maltose is a
reducing sugar, it gives a positive Fehling test.
Other disaccharides of glucose include isomaltose (-1,6 linked), cellobiose (-1,4
linked), trehalose (-1,1 linked) and gentiobiose (-1,6 linked). Simplified
representation of each of these disaccharides is given in Fig. 2-20.
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Fig. 2-19: Structure of maltose molecule
Commercial maltose is available as solid as well as syrup. Syrups with high
maltose content are valuable as they have decreasing tendency to crystallize and
are relatively non-hygroscopic. Hence they are used in the manufacture of hard
sweets and frozen dessert formulation.
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Fig. 2-20: Structures of less common disaccharides
OTHER OLIGOSACCHARIDES OF IMPORTANCE
MALTOTRIOSE, MALTOTETRAOSE, AND MALTODEXTRIN
Maltotriose, maltotetraose and maltodextrin are collectively called maltooligosaccharides. Maltotriose and maltotetraose are -1,4 linked tri- and
tetrasaccharide of -D-glucose. Maltodextrin (singular) consists of 5-10 (-1,4-
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linked) glucose units per molecule. Maltooligosaccharides are produced during
hydrolysis of starch. Maltodextrin in particular requires greater control during
hydrolysis.
Maltooligosaccharides have a range of potential uses in food, pharmaceutical, and
fine-chemicals industries because of their unique nature and special properties.
Maltodextrins (plural) refer to the mixture of mono- to 19-mer of glucose that we
get when starch is hydrolyzed. As industrial product, they are generally sold as
powders. A typical maltodextrins powder contains 1% maltotriose, 1%
maltotetraose, 0.7% maltose, 5% moisture, and the rest, higher oligosaccharides.
They have a number of applications in food industry, but are mainly used as
bulking or bodying agents.
INDUSTRIAL PRODUCTION OF SUCROSE FROM SUGARCANE
Sugar cane contains 8.5-15% sugar. A typical cane sugar production involves five
major steps:
1.
2.
3.
4.
5.

Juice extraction
Juice purification
Concentration and crystallization
Separation of crystals
Drying

JUICE EXTRACTION
The cane is first torn and shredded in a cane cutter that consists of a rotating
cylindrical shaft fitted with knives. The crushed cane is passed through a roller mill
to squeeze out the juice. The partially exhausted ‘cane mat’ emerging from the mill
is passed on to a tank, called ‘diffuser’, by a chain conveyor. Here, the maximum
extraction of sucrose is done by washing with hot water and dilute juice on
countercurrent principle. This process extracts up to 98% sugar. The cellulosic
material discharged from the diffuser is called bagasse and is used as fuel in boilers.
A recapitulative flow diagram of sugar manufacture is given in Fig. 2-21.
JUICE PURIFICATION
The juice contains sugar as well as other impurities such as organic acids, proteins,
salts, and coloring matter. It is purified by sequential steps: Defecation 
Carbonation  Decolorization.
Defecation: The juice is heated with high pressure steam and treated with 2-3%
lime in a steel tank. This operation, called defecation, throws out organic acids as
insoluble calcium salts, coagulated protein, and coloring matter. The precipitate is
removed by filtration (in rotary drum filters).

24

CARBOHYDRATES

Carbonation: Carbon dioxide is passed through the filtered juice. This operation
removes the excess lime as calcium carbonate, which entraps coloring matter,
colloidals, and some inorganic salts. The sediment, called ‘mud’, that settles down
is removed by filtration.
Decolorization: The clarified juice is treated with sulfur dioxide and the process is
therefore called ‘sulfitation’. This operation has a dual function  of bleaching the
brown color of the juice, and of completing the neutralization of lime. The
insoluble calcium sulfite is removed by filtration. In other variations,
decolorization is done by percolating the dark brown juice through beds of
adsorbents, for example, bone char, granular carbon, and ion exchange resin.
CONCENTRATION AND CRYSTALLIZATION
The clear solution is concentrated by boiling under partial vacuum in multiple-effect
evaporators. In these, the steam produced in the first evaporator is used to boil the
juice in the second evaporator maintained at a lower pressure; the second being used
to boil the juice in the third evaporator kept at a still lower pressure; and so on.
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Fig. 2-21: Flow sheet of sugar manufacture
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The concentrated juice is finally passed to the vacuum pan where further
evaporation reduces the water content to 6-8%. Here, partial separation of crystals
takes place. The mixture of syrup and crystals, known as massecuite, is then
discharged into a large tank (the crystallizing tank) fitted with agitators and cooling
pipes. The crystals grow and form a thick crop.
SEPARATION OF CRYSTALS AND DRYING
The massecuite is then sent to centrifuges whereby sugar crystals are separated
from the syrup. The crystals are here sprinkled with a little water to wash any syrup
sticking to the surface. The wet sugar is dried by passing down a rotating drum
with stream of hot air flowing counter-current to it. The residual mother liquor,
from which the crystals have been removed, is called molasses.
LACTOSE MANUFACTURE
Whey obtained from cheese manufacture is the major raw material for lactose
production. It contains around 5% lactose and about 2% of impurities like proteins,
fat, and minerals. The impurities, mainly proteins, are first removed by heat
coagulation (at >90°C) or acid precipitation followed by centrifugation. The serum
is now concentrated in a vacuum pan to 55-65% solids. The batch is then cooled
slowly with stirring to crystallize lactose. The crystal slurry is then centrifuged to
remove the mother liquor. This gives a slurry of 8-12% moisture. The crystals are
again dissolved in distilled water to give 25% solution. Any acid present is
neutralized with sodium carbonate. Minerals are removed by adsorption process on
bone- or activated carbon. The clear solution is once again concentrated and
recrystallized to 88-92% solids as described earlier. Final drying is done in a
fluidized bed drier or pneumatic flash dryer to a moisture content of less than 1%.
POLYSACCHARIDES
Polysaccharides, as the term indicates, are polymers of monosaccharides.
Polysaccharides can be classified into two broad groups, viz., (i) homopolysaccharides,
and (ii) heteropolysaccharides.
(i) HOMOPOLYSACCHARIDES
They have the same monosaccharide as the repeating unit in their molecule. Starch,
cellulose, and dextran are polysaccharides of glucose. Inulin is a polymer of fructose.
(ii) HETEROPOLYSACCHARIDES
They have widely varying numbers of monosaccharides or their derivatives in their
molecule. Pectin, alginic acid, and xanthan gum are some heteropolysaccharides of
importance
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STARCH
Starch is the most important carbohydrate found in cereal grains and tubers. It is
the most abundant organic compound after cellulose and is also the main source of
energy for man. Starch occurs in very small granules which are made up of
macromolecules consisting of linear or branched glucose chains. The outward
appearance of starch granules depends on their origin and this can easily be
identified under the microscope. They exhibit a variety of shapes, e.g., round,
ovoid, ellipsoid, or kidney-shaped, and may be flat or polyhedral. Of the common
industrial starches, rice starch has the smallest granules (2-15); wheat (2-40) and
corn (10-25) are intermediate, while potato (20-150) and other tuber and root
starches, such as arrowroot and cassava, tend to be very large (Fig. 2-22).

50 m

Fig. 2-22: Starch granule of potato
The molecular formula of starch is given by:
nC6H12O6  (n  1)H2O
Where, n refers to number of glucose subunits.
CHEMISTRY OF STARCH
Starch consists of two structurally different fractions, viz., amylose and
amylopectin. Starch contains 20-30% amylose and 70-80% amylopectin, depending
on type of the source.
AMYLOSE
Amylose is a chain-like linear polymer, the glucose units being mostly linked
through -1,4-glucosidic bonds and to a very small extent with -1,6-linkage.
Consequently, each molecule of amylose has one reducing and one non-reducing
end. The degree of polymerization (DP) is 500 to 20,000 units, depending on the
source.
In aqueous solution, amylose can form a left-handed single or double helix due to
hydrogen bondings within the same chain or with neighboring chains. Each helix
consists of 6 glucose units (Fig. 2-23.c). The helical structure is responsible for
binding amylose to charged iodine molecules (polyiodides). Each turn of helix
holds about 2 iodine atoms and a blue color is produced due to donor-acceptor
interaction between water and electron deficient polyiodides. The nature of the
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amylose-iodine complexes depends on the chain length of amylose molecules. The
light absorption of complexes increases with increasing degree of polymerization
(DP). At DP 12 only a slight yellow staining can be observed, at DP 20 the color
changes to red, at DP 30 to purple, and at DP 45 to blue.
The intra-chain hydrogen bonding in the helical structure results in a fairly
hydrophobic structure of low solubility. When this occurs in double stranded helix,
some bound water is pressed out and crystalline structures that are resistant to
attack by amylase are developed. Native starch contains 15-20% crystalline
material.
AMYLOPECTIN
It is formed by non-random -1,6-branching of the amylose-type -1,4-D-glucose
structure (Fig. 2-23.a). Each amylopectin molecule contains a million or so
residues, about 5% of which form the branch point. There are usually more ‘outer’
unbranched chains (called A-chains) than inner branched chains (called B-chains).
There is only one chain (called the C-chain) containing single reducing group (Fig
2-23.b). The length of A-chain is up to 30 glucose units. The interior segments
between the branches contain 5-7 glucose units. The whole structure (Fig. 2-23.b)
is termed tassle-on-a-string arrangement.
Unlike amylose, the helix of amylopectin is restricted because the free chains (Achains) are too short to develop helix. Hence amylopectin shows only a slight red
color with iodine.
The molecules are oriented radially in the starch granule and as the radius increases
so does the number of branches required to fill up the space, with consequent
formation of concentric regions of alternating amorphous and crystalline structure
(Fig. 2-23.d). In amylopectin, the crystalline structure is due to double helix
structure formed between neighboring chains.
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Fig. 2-23.b: Schematic representation starch molecule
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Fig. 2-23.c: Single stranded helix within the same chain
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crystalline regions

amorphous regions

Fig. 2-23.d: Actual arrangement of amylopectin in a starch granule
PROPERTIES OF STARCH
PHYSICAL PROPERTIES
1. Gelatinization
Starch granules are insoluble in water and in most organic solvents. Reversible
swelling to a maximum of 28% of original volume can be observed. At a critical
temperature of 56-68°C, starch suspension disintegrates irreversibly. This process
is called gelatinization. The irreversible gelatinization and swelling is caused by
the weakening of the intermicellar network, disruption of hydrogen bonds and the
attachment of water molecules to liberated hydroxyl groups causing total
disintegration of the granule structure. In principle, starch gelatinization depends
on the chemical affinity of the hydroxyl groups of starch for the solvent. A net-like
connection of micellar part remains in existence for a long time.
2. Retrogradation
Another property of starch that is of prime importance is the retrogradation.
Retrogradation (or set-back) is the name given to the changes which take place in a
starch paste or gel on aging. Basically, it is a crystallization process arising from
the inherent tendency of starch molecules to bond with one another (and therefore
realignment of linear molecules), which leads to an increase in crystallinity with
time. The linkages involved are, presumably, hydrogen bonds between the
hydroxyl groups of adjacent starch molecules. During retrogradation, starch pastes
become more and more opalescent and the starch again becomes insoluble in cold
water. The changes taking place during retrogradation are of considerable
importance to industrial users of starch. Retrogradation is believed to be an
important factor in the staling of bread and in the textural changes of other starch-
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containing foods. Linear amylose molecules associate very easily, and therefore
retrograde rapidly. Concentrated starch solution (5-10%) retrogrades more rapidly
than the dilute solution. Retrogradation is also a very undesirable phenomenon in
the first stage of enzymatic starch liquefaction because such a mixture is very
resistant to enzymatic hydrolysis.
Retrogradation is supposed to proceed in three steps:
1. Stretching of the helical amylose molecules to linear chains
2. Arrangement of stretched chains to groups of adjacent molecules
3. Formation of hydrogen bonds between hydroxyl groups of adjacent chains
and removal of water of hydration
The rate of retrogradation increases with increasing amylose (or starch)
concentration, reduction in temperatures, and increase in concentration of waterbinding substances. Amylopectin or waxy starch undergoes retrogradation at a
much slower rate than amylose because of its three-dimensional network and
branches. An early indication of the onset of retrogradation is an increased
resistance of the starch to hydrolysis by amylolytic enzymes. For this reason
retrogradation must be avoided during liquefaction; it occurs even at high degrees
of degradation (20-30DE) and for instance, may cause difficulties in the filtration
of starch hydrolysates.
3. Viscosity
When heated in water, starch produces a viscous paste. Viscosity is one of the most
important properties of starch pastes and is of the highest interest to starch
processing industries and to users of their products.
CHEMICAL PROPERTIES
1. Acid-catalyzed hydrolysis
Weak acid-catalyzed hydrolysis of starch below the gelatinization temperature
leads to ‘thin-boiling’ starch with specific rheological properties after boiling in
water. This type of product belongs to the category of the “modified starches”, and
it shows little retrogradation.
Acid-catalyzed starch hydrolysis is accompanied by, among other things,
intramolecular dehydration of glucose to form 5-hydroxymethylfurfural, which is
subsequently partially decomposed to levulinic and formic acid. This is followed
by a reaction of complicated order which gives yellow to brown coloring matter,
the so-called melanoidins (see page 225).
Combination (reversion) products of D-glucose will form under conditions of acidcatalyzed starch hydrolysis. The main products of this reversible reaction are
disaccharides with 1,6-, 1,1-, 1,2-, 1,3-, and 1,4-glucosidic bonds.
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Soluble starches which are suitable for iodometric determinations in analytical
chemistry are produced by acid hydrolysis.
2. Enzyme-catalyzed hydrolysis
Starch is hydrolyzed by a large number of enzymes, collectively called amylases
(Fig. 2-24). These enzymes occur in the digestive secretions of animals and in the
cells of most animals, plants and microorganisms. In the industrial sense, the
important members of amylases are -amylases, -amylases, glucoamylases (=
amyloglucosidases), and debranching enzymes.
-Amylases
These enzymes cleave starch molecule randomly at -1,4-linkage but bypass the 1,6-linkage (Fig. 2-24). They are also called endoamylases because they split the
bonds in the inner region of the substrate. They cause a rapid reduction in viscosity
by partial hydrolysis (breaking down the chains to varying lengths, e.g., maltose,
maltotriose, maltodextrin, etc.) and are therefore called liquefying or dextrinizing
amylases. The enzymes are commercially produced from molds and bacteria.
-Amylases
-amylases are exoamylases because they break down the starch chain sequentially
from the non-reducing end, producing a maltose unit per cleavage. They cannot,
however, break down or bypass the -1,6-linkage. This produces what is called dextrin. The continued action of these enzymes leads to production of dextrins and
simple sugars and this final depolymerization event is termed saccharification.
Branched region
(resistant to both amylases)

Action of -amylase

Action of -amylase

Fig. 2-24: Action of - and -amylases on amylopectin
The actions of -amylases as well as -amylases cannot break down -1,6linkages. This incomplete breakdown of amylopectin results in the formation of
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significant amounts of branched dextrin. Since this dextrin is the limit of attack by
- and -amylases upon amylopectin, the polymer is called limit dextrin.
Glucoamylases
Glucoamylases are responsible for hydrolyzing the -1,6 bond of amylopectin
chain. Another enzyme called pullulanase, acts much more efficiently than
glucoamylases.
PROCESS OUTLINE FOR THE MANUFACTURE OF STARCH
There are no standards for the technical equipment in starch factories and there are
no two starch plants exactly alike, as it is less costly procedure to adapt existing
devices than to develop machines for particular processes.
Starch can be commercially produced from corn, cassava, wheat, rice, potatoes,
and roots. The type of process to be used therefore depends on the choice of raw
material.
STARCH MANUFACTURE FROM CORN (MAIZE)
There are several types of corn, e.g., waxy corn, dent corn, sweet corn, pop corn,
Indian corn, etc. Dent corn is suitable for starch making.
A summary of cornstarch production is given in Fig. 2-26. The production process
involves several discrete steps, namely:
1.
2.
3.
4.
5.
6.
7.

Selection of corn
Cleaning
Steeping
Germ separation
Starch and gluten primary separation
Starch refining
Dewatering and drying.

CLEANING
Coarse and dusty contamination, broken and damaged grains, cob, and chaffs are
removed by screening and aspiration.
STEEPING
Corn is steeped in a battery of large, wooden or stainless steel tanks for 30-50hr at
48-50°C, until 45% moisture content is achieved. 0.1-0.2% SO2 is added in the
steep water to avoid microbial contamination. During this process, the corn
becomes soft, some dry matter is leached out, and some SO2 is absorbed. The steep
water is drained away at the end of the operation.
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GERM SEPARATION
The steeped corn is coarsely ground in attrition mills to loosen the hull and break
the association between the germ and the endosperm. The germ is freed without
damaging the endosperm. Water is added to assist the wet-milling. The germs are
separated by centrifugal force in equipment called hydroclone. The light weight
germs are separated from the ground slurry by hydroclones to remove the prime
germ. A second milling and hydroclone separation completes the process, thereby
removing the secondary germ.
A hydroclone is a static device that applies centrifugal force to a liquid mixture so
as to promote the separation of heavy and light components.
The hydroclone is a closed vessel designed to convert incoming liquid velocity into
rotary motion. It does this by directing inflow tangentially near the top of a vertical
cylinder. This spins the entire contents of the cylinder, creating centrifugal force in
the liquid. Heavy components move outward toward the wall of the cylinder where
they agglomerate and spiral down the wall to the outlet at the bottom of the vessel.
Light components move toward the axis of the hydroclone where they move up
toward the outlet at the top of the vessel.

heavier
fraction

Fig. 2-25: Hydroclone
STARCH AND GLUTEN PRIMARY SEPARATION
Crude starch milk contains starch, gluten (a type of protein, see page 89), and
solubles. It is fed to a primary centrifugal separator. The difference in density
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makes it possible to use centrifugal force for continuous separation. Gluten enters
into the overflow and starch enters the underflow.
Selected corn
Cleaning
Steeping
(30-50hrs, 48-50oC)

SO2 (0.1-0.2%)

Steeped corn
(45% moisture content)
Draining

Steep water

Wet corn
Coarse grinding
(Wet milling)

Water

Hydroclone

Germ (prime)

Second milling
Hydroclone

Germ (secondary)

Crude starch milk
Centrifugal separator

Gluten

Starch slurry
Water

Hydroclone

Solubles (mainly protein)

Starch slurry
Peeler centrifuge

Water

Starch peel
Hot air drying
Starch
(12-13% moisture content)
Screening/Sieving
Bagging and storage

Fig. 2-26: Manufacture of starch from corn
STARCH REFINING
Washing with fresh, clean water refines the crude starch milk. With hydroclones it
is feasible to reduce fiber and solubles, including soluble proteins to low levels
with a minimum of fresh water. The refined starch milk contains an almost 100%
pure starch slurried in pure water.
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The overflow of the first washing stage contains mainly protein, some starch and
other impurities, which are recycled to the primary separator. In the strong
gravitational fields of a hydroclone and a centrifuge, the starch settles quickly.
DEWATERING AND DRYING
The starch slurry is passed through a peeler centrifuge for dewatering. The
dewatered starch is batch-wise peeled off and discharged by gravity to the moist
starch hopper and thereafter to a flash dryer (by screw conveyor) and dried in hot
air. The inlet air temperature is moderate. The dried starch is pneumatically
transported to a starch silo ready for screening and bagging. The moisture of
cornstarch after drying is normally 12-13 %.
Before delivery, the starch is screened on a fine sieve in order to remove any scale
formed in screw conveyors, etc. A coarse screen with larger openings may protect
the fine screen.
MODIFICATION
Most of the starch is used for industrial purposes. It is tailor made to meet the
requirements of the end-user, giving rise to a range of specialty products. Many
and sophisticated techniques are applied. A most versatile principle comprises a
three-step wet modification:
Preparation

Reaction

Finishing
By applying different reaction conditions - temperature, pH, additives - and strict
process control, specialty products with unique properties are made.
These specialty products are named modified starches. They still retain their
original granule form and thereby resemble the native (unmodified) starch in
appearance, but the modification has introduced improved qualities in the starch
when cooked. The paste may have obtained improved clarity, viscosity, filmforming ability, etc. The gelling characteristics of starch can be changed by
modifying functional groups in the starch molecules. The modification may include
cross-linking of hydroxyl groups with di-or polyfunctional reagents such as
phosphorus oxychloride and epichlorohydrin.
The gluten fraction, germs and steep water are processed separately to produce
corn gluten, germ oil, and cornsteep liquor, respectively.
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USES AND FUNCTIONALITY OF STARCH
Starch finds uses in fast food, sweets, sausages, tablets (as a filler), corrugated
boards, etc., and plays a prominent part in our everyday life. Being a pure
renewable natural polymer, starch has a multitude of applications.
Starch can be used as thickener (in sauces, gravies and baby foods), water binder
(in sausages), emulsion stabilizer (in cream), and gelling agent. The swelling power
of starch increases with an increase in amylopectin content. On the other hand,
amylose has a useful function as a hydrocolloid. The extended loosely helical
chains possess a relatively hydrophobic inner surface and more hydrophobic
molecules such as lipids and aroma compounds can easily occupy this space.
A significant proportion of starch in the normal diet escapes degradation in the
stomach and small intestine and is labeled resistant starch. Resistant starch serves
as a primary source of substrate for colonic microflora, and may have several
important physiological roles, including that of dietary fiber. Many functional
derivatives of starch are marketed including cross-linked, oxidized, acetylated,
hydroxypropylated, and partially hydrolyzed materials.
Starch is recently being used, singly or in combination, for the manufacture of
biodegradable packaging material.
Starch is also a very important raw material for the manufacture of caramel (color)
and the microbial production of glutamic acid.
MANUFACTURE OF GLUCOSE SYRUP
According European Economic Committee (EEC) glucose syrup is a refined,
concentrated aqueous solution of D-glucose, maltose and other polymers of Dglucose obtained by the controlled partial hydrolysis of edible starch.
Codex defines glucose syrup as a purified concentrated aqueous solution of
nutritive saccharides obtained from starch.
These definitions imply that glucose syrups need not contain glucose in the
chemical sense in levels greater than 1% and need not be connected with corn.
They are simply hydrolysis-products of starch.
Glucose syrups have many uses, the most important of which are:





Confectionery: Prevention of recrystallization of sugar, improvement of
texture, and stability of flavor. Used in chewing gums, gelled gums,
candies, caramels, etc
Jam, jelly and yogurt: Increases product stability and reduces syneresis
Dairy ice cream: Better control of ice crystal growth, and better stability
when combined with maltodextrins
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Beverages and fruit syrups: Improvement in viscosity and as a bodying
agent in powdered drinks
Intermediate moisture foods: As a humectant
Baked products: Browning reaction, humectant
Fermentation industry: Fermentable sugar for microorganisms
Special foods: Calories reduction by use of high fructose corn syrup
(HFCS)

Glucose syrups are manufactured by two main methods, (i) acid conversion method,
and (ii) enzymatic method, the first one being an old method but still used by many
producers. In both the method, the starting material is the starch.
ACID CONVERSION METHOD
Glucose syrup manufacture by acid hydrolysis dates back to 1811. This operation
is carried out either in batches or a continuous process. The production consists of
several distinct phases, viz.,
1.
2.
3.
4.

Hydrolysis of starch
Neutralization
Refining
Concentration

HYDROLYSIS
First of all, starch slurry of 20-21°Bé is prepared. °Bé refers to ‘degree beaumé’,
which is a measure of solids content and specific gravity. °Bé, specific gravity,
and % are related as follows:


Be =  145 


 % (for liquids with specific gravity more
145

specific gravity 

than 1)




 130  % (for liquids with specific gravity less than 1)
Be = 
 specific gravity

140

The slurry is mixed with hydrochloric acid (sulfuric acid is sometimes used) to
bring the pH to around 1.8-2.0 in a steam converter and heated with live steam to
about 160°C until the desired DE (dextrose equivalent) is reached. DE represents
the percentage of hydrolysis of glycosidic linkages present and is given by:


number of glycosidic bonds cleaved 
initial
number of glycosidic bonds present 


DE  100  

In practice, this is usually determined analytically by use of the closely related, but
not identical expression:
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 reducing sugars, expressed as glucose 

total carbohydrate



DE  100  

Pure glucose has a DE of 100, pure maltose has a DE of about 50, and starch has a
DE of effectively zero.
The continuous process, which is replacing the batch process, involves feeding the
mixture of starch slurry and hydrochloric acid into a tubular heat-exchanger. The
time and temperature of the process are adjusted to the desired DE in the end
product.
NEUTRALIZATION
The acidified mixture is neutralized with sodium carbonate to remove the free acid
and bring the pH value to 5.0-7.0. Sodium chloride is formed in the syrup in small
quantities as a result of the neutralization of the hydrochloric acid by the sodium
carbonate and remains in solution.
REFINING
Solid impurities, if present (coagulated proteins, etc.), can be removed by
centrifugal separation. Impurities will depend largely on the starch used and its
purity. The solution is then passed through filters (filter presses or candle-type
ceramic filters).
The clear brown filtrate is decolorized by passing it through tanks of activated
carbon, which remove colors and other impurities from the solution by surface
adsorption but has no effect on the sugar.
Refining can also be done by ion-change resins instead of activated carbon or
combined with it. A recent development is to refine the converted liquor by
electrodialysis (membrane-separation of solids from the solution using a pair of
membranes and electrodes), and the final glucose syrup is very superior.
CONCENTRATION
The refined syrup is concentrated under vacuum in batch converters or continuous
heat exchangers until the concentrated syrup reaches 80-85% solids or 43-45°Bé.
Acid conversion process can produce glucose syrup of only around 92DE because
a certain degree of polycondensation takes place and some of the yield of dextrose
is lost owing to the acidity and high temperatures required for the conversion.
Glucose syrup is transported in drums or in bulk road- or rail tanks. It should not be
stored in large quantities for long periods of time because its color may deteriorate.
Acid conversion is reproducible though random in its attack on the starch and
though little or no influence can be made on the individual sugar composition (or
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spectrum), it is possible by controlling temperatures, times, and acid levels to make
products of reasonably constant composition for a given degree of hydrolysis.
ENZYMATIC METHOD
There are two types of enzymatic methods, viz., (i) acid-enzyme method and (ii) dual
enzyme method.
Acid-enzyme method uses acid for liquefaction and enzyme for the saccharification
while dual enzyme method uses enzyme for both liquefaction and saccharification.
Whatever the method, the generic process of glucose syrup manufacture involves
four major steps, viz.,
1.
2.
3.
4.

Gelatinization
Liquefaction
Saccharification
Purification

GELATINIZATION
Gelatinization involves the dissolution of nanogram sized starch granules to form a
viscous solution. This is achieved by heating starch with water, and occurs
necessarily and naturally when starchy foods are cooked. Gelatinized starch is
readily liquefied by partial hydrolysis with enzymes or acids and saccharified by
further acidic or enzymic hydrolysis. This is the first stage and cooking of starch is
normally carried out at 90°C.
LIQUEFACTION
Liquefaction involves partial hydrolysis with the concomitant loss in viscosity.
Acid-enzyme method is an improvement over the acid method. In this, the acidified
starch slurry is hydrolyzed to a DE of 5-7, pH adjusted to 6.0-6.5 and reactant
heated at 85°C. Bacillus subtilis -amylase is then added, and after 30 min the
hydrolysate will have a DE of ~12 and good filtration properties. 20-80 ppm Ca2+
is maintained to stabilize and maintain the enzyme.
When dual enzyme liquefaction process is used, it is possible to achieve higher
yields of glucose. The process is carried out in two stages. The first stage uses
enzyme at 85-90°C for 30 min to thin the slurry. Thereafter the mixture is pressurecooked at 140°C for 5 min. A second enzyme is now added at 85°C and held to the
required DE.
The latest development in starch liquefaction is the use of a single, super-heat
stable enzyme from Bacillus licheniformis. Up to a 40% dry solid starch slurry is
prepared at pH 6.5-7.0. The enzyme is fed directly into the starch slurry stream
immediately before the converter. The temperature is raised to 105-110°C by direct
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live steam injection and held for 5 min in a coil or cell. The liquefied starch is then
flashed to 95°C and held for 60-90 min to complete liquefaction, and dextrinization.
SACCHARIFICATION
Starch liquefied to 8-12DE is suitable for saccharification to produce syrup of 4598DE. Whereas liquefaction is a continuous process, saccharification is usually a
batch process. The mixture is adjusted to pH 4.5 and the temperature lowered to
60°C. Amyloglucosidase from Aspergillus niger is now added and the hydrolytic
reaction allowed to continue for about 72 hrs in stirred tank reactors until the
maximum level of glucose is reached. More recently, a debranching enzyme called
pullulanase, obtained from Bacillus acidopullulyticus has been used to achieve
very high DE in the syrup (Fig 2-28). A flow diagram for overall corn refining
process is shown in Fig. 2-27.
shelled corn

corn cleaners
steep
tanks

germ
separators

grinding mills

screens

centrifugal
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hydroclone
starch
washing

steep
water
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refinery
feed products
nutritive
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starch dryers

starch driers

dextrin roasters
dextrins

modification tanks

unmodified
starch

modified starch

Fig. 2-27: Overall starch refining process
PURIFICATION
The syrup is then filtered to remove protein and fat, and purified with activated
carbon to remove color and solubilized protein. Carbon purification is normally
followed by an ion-exchange stage to remove ash (minerals). The aim of the
saccharification is to produce syrup with the maximum amount of D-glucose.
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Fig. 2-28: Conversion rate of maltodextrin into glucose using different enzymes
The % glucose formed from 30% (w/w) 12 DE maltodextrin, at 60°C and pH 4.3, using
various enzyme solutions:
 200 U/kg Aspergillus niger glucoamylase;
 400 U/kg Aspergillus niger glucoamylase;
· · · · (200 U/kg Aspergillus niger glucoamylase) + (200 U/kg Bacillus
acidopullulyticus pullulanase)
The relative improvement on the addition of pullulanase is even greater at higher substrate
concentrations.

PRODUCTION OF GLUCOSE POWDER
At present most of the dextrose in commerce is prepared in the form of pure
dextrose monohydrate by a combined acid-enzyme process. The hot, thick glucose
syrup with a concentration of 70-80% is run from the evaporator into crystallizing
pans. Crystal formation is largely controlled by the quantity of dextrins left with
the glucose. The separation of crystals from the syrup is carried out in centrifugal
separators and the impurities are left in the mother liquor. Crystalline dextrose is
then dried in rotary hot-air dryers under vacuum and bagged in moisture-proof
materials. Recrystallization of dextrose will yield practically 100% pure dextrose
crystals which are used as a pharmaceutical-grade sugar.
HIGH FRUCTOSE CORN SYRUP (HFCS)
D-glucose has only about 70% of the sweetness of sucrose (see page 18), on a
weight basis, and is comparatively insoluble. Batches of 97DE glucose syrup at the
final commercial concentration (71% w/w) must be kept warm to prevent
crystallization or diluted to concentrations that are microbiologically insecure.
Fructose is 30% sweeter than sucrose, on a weight basis, and twice as soluble as
glucose at low temperatures so a 50% conversion of glucose to fructose overcomes
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both the problems, giving stable syrup that is as sweet as sucrose solution of the
same concentration. The isomerization is possible by chemical means but not
economical, giving tiny yields and many by-products. The commercial enzymes
are produced by Actinoplanes missouriensis, Bacillus coagulans and various
Streptomyces species. All glucose isomerases are used in immobilized forms.
Immobilization is generally done by cross-linking with glutaraldehyde, plus in
some cases a protein diluent, after cell lysis or homogenization.
Nowadays, most isomerizations are performed in packed bed reactors (PBR). They
are used with high substrate concentration (35-45% dry solids, 93-97% glucose) at
55-60°C. The pH is adjusted to 7.5-8.0 using sodium carbonate, and magnesium
sulfate is added to maintain enzyme activity (Mg2+ and Co2+ are cofactors). Using
this technique, 1 kg of immobilized glucose isomerase will produce 10 -11 MT of
42% fructose syrup (dry substance).
After isomerization, the pH of the syrup is lowered to 4-5 and it is purified by ionexchange chromatography and treatment with activated carbon. Then, it is
normally concentrated by evaporation to about 70% dry solids.
For many purposes a 42% fructose syrup is perfectly satisfactory for use but it does
not match the exacting criteria of the quality soft drink manufacturers as a
replacement for sucrose in acidic soft drinks. For use in the better colas, 55%
fructose is required. This is produced by using vast chromatographic columns of
zeolites or the calcium salts of cation exchange resins to adsorb and separate the
fructose from the other components. The fractionation process, although basically
very simple, is only economic if run continuously. The fructose stream (90% fructose
and 9% glucose, w/w) is blended with 42% fructose syrup to give the 55% fructose
(42% glucose) product required. The glucose-rich 'raffinate' stream may be recycled
but if this is done undesirable oligosaccharides build up in the system. Immobilized
glucoamylase is used in some plants to hydrolyze oligosaccharides in the raffinate;
here the substrate concentration is comparatively low (around 20% dry solids) so the
formation of isomaltose by the enzyme is insignificant.
The present world market for HFCS is over 5 million MT of which about 60% is
for 55% fructose syrup with most of the remainder for 42% fructose syrup. This
market is still expanding and ensures that HFCS production is the major
application for immobilized-enzyme technology.
CELLULOSE
Cellulose is the main structural material of trees and other plants. Wood is 50%
cellulose, while cotton wool is almost pure cellulose. Other sources of cellulose are
straw, corncobs, bagasse, and similar agricultural wastes.
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CHEMISTRY
Cellulose is a straight chain polysaccharide of D-glucose (or more specifically,
cellobiose units, Fig. 2-20). Glucose units are joined by -1,4-glycosidic linkage.
The number of glucose units in a cellulose molecule varies from 2000 to 14000.
The partial structure of cellulose is as in Fig. 2-29.
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Fig. 2-29: Partial structure of cellulose
PROPERTIES
Cellulose is fibrous in nature. It is a colorless solid having no melting point. It
decomposes on strong heating. It is insoluble in water and most organic solvents.
Hydrolysis of cellulose in dilute HCl or H2SO4 gives D-glucose. Cellobiose is
formed in case of incomplete hydrolysis.
The insolubility of cellulose in normal aqueous solutions is due to its tendency to
form crystals utilizing extensive intra- and intermolecular hydrogen bonding. Part
of the cellulose preparation is amorphous between the crystalline sections.
The -glycosidic links play a central role in determining the structural properties of
cellulose, and thus the strength of the cellulose fibers. Because of the -links, the
chain assumes an extended rigid conformation (essential for fibers), with each
glucose residue turned 180° from its neighbor. Another consequence of alternating
top/bottom glucose residues is that OH groups of adjacent chains allow very
extensive H-bonding between chains. See Fig. 2-30 and Fig. 2-31.
In fact the OH of C2, C3, and C6 as well as the hemiacetal O are all involved in Hbonding with other chains.
The cattle, goats and other ruminants have digestive enzymes (cellulases) capable
of hydrolyzing cellulose into glucose. Consequently, these animals can feed
directly on cellulose (grass, straw). Man and many other mammals lack the
necessary enzymes in their digestive tract, and they cannot use cellulose as
foodstuff.
On the other hand, cellulose has importance in human diet as roughage or dietary
fiber. Dietary fiber is necessary for the regular bowel motion and defecation. Lack
of dietary fiber in the diet leads to constipation (see page 49).
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Fig. 2-30: Arrangement of glucose molecules in cellulose
MANUFACTURE OF CELLULOSE
Cellulose can be manufactured from cotton as well as wood residues. Wood also
contains lignin (a resinous substance, see page 47) along with cellulose. Lignin is
removed by digesting the wood chips under pressure with a solution of calcium
hydrogen bisulfite, Ca(HSO3)2. The cellulose separates as insoluble fibers which
are washed with water, bleached, and dried. Because of the cost of production, pure
cellulose is 2-3 times more expensive than starch.
FUNCTIONALITY OF CELLULOSE
Cellulose has many uses e.g., as an anticake agent, emulsifier, stabilizer, dispersing
agent, thickener, and gelling agent but these are generally subsidiary to its most
important use as water-holding agent. Water cannot penetrate crystalline cellulose
but dry amorphous cellulose absorbs water becoming soft and flexible. Some of
this water is non-freezing but most is simply trapped. Less water is bound by direct
hydrogen bonding if the cellulose has high crystallinity but some fibrous cellulose
products can hold considerable water in pores and its typically straw-like cavities.
Water holding ability correlates well with the amorphous (surface area effect) and
void fraction (i.e. the porosity).
Cellulose is now utilized for the production of ethanol. It is first hydrolyzed with
cellulase enzymes obtained from Trichoderma viridiae to simple sugars and then
fermented with yeasts.
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Methyl cellulose, hydroxymethyl cellulose and carboxymethyl cellulose (CMC) are
some of the important derivatives used in food. Nitrated cellulose, cellulose acetate
and cellulose xanthate are other important derivatives used for non-food industrial
purposes.
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Fig. 2-31: Partial structure of carboxymethyl cellulose
Carboxymethyl cellulose is a derivative prepared by reacting cellulose with alkali
and chloroacetic acid. The substitution is mostly at O2 and O6 of hydroxy group at
carbon 2 and 6, respectively.
CMC has a multitude of food and non-food uses. Non-food uses include building
material additives, printing inks, coatings, pharmaceuticals, cosmetics, and paper or
textiles. Food uses include water retention, gelling, emulsifying, suspending,
absorbing, stabilizing, bonding, and forming films.
HEMICELLULOSE
These are structural heteroglycans forming the amorphous matrix of plant cell wall.
The molecule consists of -linked, straight core-chain of mostly xylose, glucose,
and mannose units; to these core-chains are attached short linear side chains
containing arabinose, mannose and hexuronic acids. Hemicellulose is designated
for those neutral cell wall polysaccharides extractable by aqueous alkali after
removal of pectic substances (see page 129) and lignin.
Hemicellulose is found together with cellulose, lignin and pectin in plant cell walls.
These polymers interact with each other to create a rigid structure responsible for
strengthening the plant cell wall.
Some of the basic differences between cellulose and hemicellulose are:







Hemicellulose has less degree of polymerization (only 50-100 DP)
Hemicellulose is readily soluble in dilute acid or alkali (1-4M KOH)
Hemicellulose is non-fibrous
Hemicellulose is a heteropolysaccharide
Hemicellulose is mostly branched
Hemicellulose has amorphous structure
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Because of the great variation in make up, there is no satisfactory classification of
hemicellulose. They are variously named, viz., xylans, xyloglucans,
glucuronoxylans, arabinoxylans, glucomannans, -glucans, pentosans, etc.
Xyloglucans are quantitatively the predominant hemicellulose in the primary cell
wall of dicots and graminaceous plants and may account for up to 20% of the dry
weight of primary wall.
Xyloglucans consist of a β-1,4-linked D-glucose backbone with interspersed side
chains of D-xylose, L-Arabinose, and D-galactose residues. Up to 75% of these
residues are substituted at O6 with mono-, di-, or triglycosyl side chains.
Xyloglucans interact with cellulose microfibrils through hydrogen bonds, thus
contributing to the structural integrity of the cellulose network.
The most interesting hemicelluloses are the arabinoxylans, which are also found in
cereal flour. These xylans, obtained by cold-water extraction of flour and
subsequent fractionation of the extract, are commonly included as water-soluble
pentosans in the literature. Pentosans gel under oxidative conditions (e.g., H2O2peroxidase present in the flour). The reaction involves cross-linking between
ferulic acid (present in small amounts in flour) and proteins and polypeptides to
form a network that retains ~ 23% water in the interstices. Since pentosans do not
retrograde, they tend to decrease the rate of staling of bread. Other properties such
as crumb characteristics, bread volume, and elasticity are also improved.
Some hemicelluloses are shown in Fig. 2-33. See Fig. 2-32 for the structures of
xylopyranose and fucose.
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Fig. 2-32: Some constituents of hemicellulose
Hemicelluloses have technological as well as physiological functions. Commercial
-glucans derived from wheat bran reportedly reduces serum cholesterol and also
functions as dietary fiber. Other suggested uses of hemicellulose are as emulsifier,
binder, and bulking agent (filler).
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Fig. 2-33: Partial structures of some hemicelluloses
LIGNIN
Lignins are defined as polymeric natural products resulting from enzyme-initiated
dehydrogenative polymerization of three primary precursors: trans-coniferyl,
trans-sinapyl, and trans-p-coumaryl alcohol (Fig. 2-34). See Fig. 2-35 for the
partial structure of wood lignin.
OCH3

OCH3
HO

HO

CH=CHCH2OH
A

HO

CH=CHCH2OH

OH3C
B

CH=CHCH2OH
C

Fig. 2-34: Monomeric components of lignin: (A) trans-coniferyl alcohol, (B) transsinapyl alcohol, (C) trans-p-coumaryl alcohol
Lignin is present in mature plant cells and provides mechanical resistance to
microbial degradation. Lignin is always associated in the cell wall with cellulose
and hemicelluloses, both in close physical contact but also joined by covalent
bonds. Wood lignin has higher molecular weight, typically in the range 1000 to
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4000 daltons. The polymeric units contain numerous hydrocyclic and ether
functions, which provide opportunities for internal hydrogen bonds. These
properties lend a good deal of rigidity to lignin molecules.
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Fig. 2-35: Partial structure of wood lignin
GLYCOGEN
Glycogen is an animal reserve polysaccharide and consists of a highly branched
system of glucose units, joined by -1,4-linkages with branching through -1,6linkage (Fig. 2-36). It gives a red brown color with iodine and is chemically very
similar to starch. The outer branch (A-chain) consists of 6-7 residues; the branches
that are formed by attachment to the 6-positions contain an average of three
glucose residues. The molecular weight ranges from 1000 to 5000 kdal.

reducing end

3 units

6-7 units

Fig. 2-36: Glycogen molecule
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This homoglycan is stored in liver and muscle cells. Glycogen is considered the
main buffer of blood glucose level. Human body does not contain much glycogen
but certain mutation can lead to its accumulation to abnormal amounts. Although
such diseases are rare their effects can be most dramatic. Glycogen storage diseases
are known by names such as Type 0, Type I, …..Type XI.
CRUDE FIBER AND DIETARY FIBER
Crude fiber is the general term used to imply materials insoluble in dilute acid and
alkali under specific conditions (that simulates the human digestion process). The
residue from crude fiber determination contains about 97% cellulose and lignin. It
does not represent, however, all cellulose and lignin present initially. Typically, it
represents only about 50-80% of cellulose, 10-15% of lignin, and 20% of the
hemicellulose of the original food.
Crude fiber has been defined as the sum of all those organic components of the
plant cell membrane and supporting structures which in chemical analysis of plant
foodstuffs remain after removal of crude protein, crude fat, and nitrogen-free
extractives.
The term crude fiber appears somewhat narrower in terms of present view of the
subject. In terms of food value, emphasis has been placed on the determination of
dietary fiber, rather than crude fiber. Dietary fiber is defined as a complex group of
plant substances that are resistant to mammalian digestive enzymes. Dietary fiber
includes following three fractions from plant foods:
1. Structural polysaccharides – associated with the plant cell wall, including
cellulose, hemicellulose, and some pectins
2. Structural non-polysaccharides – mainly lignins
3. Non-structural polysaccharides – non-starchy polysaccharides such as the
gums and mucilages
The main part of dietary fiber in foods originates in the plant cell wall. The cell
wall components and dietary fiber components are given in Fig. 2-37.
Dietary fibers are not in the physical sense truly fibrous. In fact, a number of them
are water-soluble. Dietary fibers are present in large amounts in vegetarian diets,
such as cereal grains, pulses, beans, fruits, and vegetables.
Dietary fibers are of two main types: (a) Water-soluble, and (b) Water-insoluble.
Cereal grains and vegetables are good sources of water-soluble dietary fibers.
Fruits are rich in both water-soluble and water-insoluble fibers. Water-insoluble
fibers are represented by cellulose, most hemicellulose, and lignins. Water-soluble
fibers are represented by pectins, gums, etc.
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Plant cell wall
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Inorganic constituents
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Pectins
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Algal polysaccharides
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Dietary fiber

Fig. 2-37: Components of dietary fiber
Both types of dietary fibers have very specific physiological roles in humans.
Water-insoluble fibers increase stool bulk and reduce transit time in the
gastrointestinal tract. Most components of dietary fiber are capable of absorbing
water, thereby rendering the feces soft enough to pass out of the body readily and
bulky enough to induce defecation. Lignins absorb bile salts and cholesterol and
thus play a role in lowering cholesterol. Water-soluble fraction, on the other hand,
slows down the gastric emptying and also the rate of absorption of nutrients such as
glucose. Consumption of too much fiber is not beneficial, though. It may lead to
mineral deficiency because of excessive fecal excretion of electrolytes. The
recommended average daily intakes of dietary fiber for adult women and men are
12g and 17g (respectively) under the condition of normal health.
When the staple diet consists only of refined materials such as sugar, flour, cakes,
etc., the person suffers from constipation because of dietary fiber deficiency. This
problem is common in developed countries. To overcome this problem, they use
fiber supplements (such as those from wheat or oat bran) in the diet. Dietary fiber
contents of some common foods are given in Table 2-2.
Table 2-2: Dietary fiber contents of common foods
Food item
Dietary fiber, % wet basis
Polished rice
0.1
Pulses
5.0
Apple
1.0
Grapes
2.8
Peas
4.0
Potato
0.4
Green vegetables
1.0
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Dietary fiber determination is usually very complicated, although several methods
have been developed for the same. Each method has its own scope and limitations.
Some of the methods used for dietary fiber determination are:
1.
2.
3.
4.

Acid detergent fiber (ADF) method
Neutral detergent fiber (NDF) methods
Enzyme-modified neutral detergent fiber (ENDF) method
Total dietary fiber (TDF) methods

There are further variations in some of these methods. The method given by
Association of Official Analytical Chemists (AOAC, 1984) is outlined as follows:
Defatted sample + blank  boiling  protease treatment (60°C)  amyloglucosidase
treatment (60°C)  ethanol saturation  filtration  washing and vacuum-drying of
residue  subtract ash, protein, and blank  total dietary fiber.
Because of the complex nature of dietary fiber determination, crude fiber
determination is still widely used for routine purpose. Although crude fiber
determination is relatively simple, crude fiber figure is indeed only a very rough
estimate. It represents only 1/2 to 1/8th of total dietary fiber in a given food!
Crude fiber is determination is a chemical method. An outline of the generic
method is as follows:
Defatted sample (ground)  boiling in 1.25% H2SO4 for 30 min  filtration 
washing of residue with water to make it acid-free  boiling of residue in 1.25%
NaOH for 30 min  washing of residue with water to make it alkali-free 
washing of residue with ethanol to remove any ethanol soluble materials  drying
of residue  weighing of residue  ashing of residue  subtracting ash from the
weight of dry residue  crude fiber.
There is no fixed relationship between crude fiber and dietary fiber because plant
cell walls vary in the proportions of their basic constituents. Unfortunately, the
database on the dietary fiber content of foods is very sketchy at present. Also,
methodology for analyzing dietary fiber is still being developed, and no consensus
on single method for use with human foods has yet emerged. Therefore, it is
necessary to continue to use crude fiber values when discussing fiber in human
nutrition.
It must be remembered, however, crude fiber determinations are greatly affected by
manipulations and procedures. Particle size is important: the finer the material
ground, the lower the determined crude fiber content. The method is highly
empirical and every step carried out is prone to affect the result. There are at least
100 modifications of the original crude fiber determination developed by
Hennenberg, Stohmann and Rautenberg in 1864 in Germany.
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Crude fiber is a very useful parameter in the analysis of food and feed. In particular,
crude fiber determination has following uses:
1. It serves as an index of feeding value of poultry and stock feeds. Seeds
high in crude fiber content are low in nutritional value
2. It is used for evaluating efficiency of milling and separating bran from the
starchy endosperm
3. It is useful in the chemical determination of succulence of fresh fruits and
vegetables. Overmature products have increased levels of crude fiber
4. It is used in the detection of adulteration of spices. If the crude fiber
content is higher than the normal value, adulteration is confirmed.
5. It can be used to evaluate the quality of tea. Tea containing matured parts
of the plant have high crude fiber content
GUMS AND MUCILAGES
Gums and mucilages (as used in food) refer to a large group of hydrophilic
polysaccharides and their derivatives characterized by their ability to form highly
viscous solutions at low concentrations. Gums are widely used in food industry as
gelling, coating, stabilizing, thickening, and suspending agents.
Gums are obtained from different sources and may include naturally occurring
compounds as well as their derivatives, such as:
1.
2.
3.
4.
5.

Exudate gums
Seaweed gums
Seed gums
Microbial gums
Starch and cellulose derivatives

The nature of the molecules influences the properties of the various gums. Based
on physicochemical properties, gums can be classified as:
1.
2.
3.
4.
5.

Linear polysaccharides
Branched polysaccharides
Neutral polysaccharides
Anionic polysaccharides
Cationic polysaccharides

It must be noted that there can be considerable overlapping in the classification.
For example, a linear polysaccharide can be either neutral or anionic or cationic.
Similarly, a cationic polysaccharide can be either linear or branched, and so forth.
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LINEAR POLYSACCHARIDES
These are represented by alginates, amylose and carboxymethyl cellulose. Linear
molecules can pack more tightly and therefore produce more viscous solutions than
highly branched molecules of the same molecular weight. The linear neutral
polysaccharides have good film-forming and coating properties.
BRANCHED POLYSACCHARIDES
These are represented by xanthan gum, pectins, gum arabic, amylopectin, and gum
tragacanth. Branched molecules form gel more easily and are more stable because
extensive interaction along the chains is not possible. Solutions of branched
polysaccharides are tacky because of extensive entangling of the side chains.
NEUTRAL POLYSACCHARIDES
Neutral polysaccharides are represented by dextrans and starch. They are only
slightly affected by change in pH. High salt concentrations may result in the
removal of bound water and consequent precipitation of the polysaccharide.
ANIONIC POLYSACCHARIDES
These are represented by negatively charged molecules such as pectins and alginic
acids. The negative charges result in very interesting properties. Pectin contains
carboxyl groups and these can react with divalent cations to form gel. Alginic acids
can react with a number of bases to form salt, e.g., sodium alginate.
CATIONIC POLYSACCHARIDES
These are represented by cationic guar gums.
SOME IMPORTANT GUMS AND THEIR CHEMISTRY
GUM ARABIC
Gum arabic is a dried exudate from the bark of acacia tree. Chemically, it is a
branched, neutral or acidic, hydroxyproline-rich glycoprotein with a molecular
weight of more than 300,000. The gum contains four sugars, viz., L-arabinose, Lrhamnose, D-galactose, and D-glucuronic acid. Because it is a mixture and the
material varies significantly with source, the exact molecular structures are still
rather uncertain.
Gum arabic is used as stabilizer, thickener, emulsifier, and encapsulation agent in
confectionery, bakery, and beverages. It stabilizes flavor in soft drinks. The
simultaneous presence of hydrophilic carbohydrate and hydrophobic protein
enables its emulsification and stabilization properties.
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GUAR GUM
Also called guaran, the gum is extracted from the seed of the leguminous shrub
Cyamopsis tetragonoloba guar plant. It is similar in make up with locust bean gum.
It is a non-ionic linear molecule made up of -1,4-linked mannopyranose backbone
with a branch of single, -1,6-linked D-galactopyranose at every second mannose
unit (Fig 2-38). The compound has a molecular weight of 220,000 (up to 10,000
residues) and forms gel at 2-3% concentration.
Guar gum is used to modify texture, control syneresis, and increase viscosity in a
wide range of food products. Some applications include: dressings, ice cream,
cakes, pet food, beverages, and dairy products. Guar gum is known to be one of the
most cost-effective thickeners among other hydrocolloids.
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Fig. 2-38: Partial structure of guar gum
LOCUST BEAN GUM
Locust bean gum (also called Carob bean gum and Carubin) is extracted from the
seed (kernels) of the carob tree (Ceratonia siliqua). It forms a food reserve for the
seeds and helps retain water under arid conditions.
Locust bean gum is very similar to gaur gum except that every 4th or 5th -Dmannopyranosyl residue of the linear chain is branched with single -Dgalactopyranosyl residue utilizing -1,-6 linkage. The gum is polydisperse
consisting of non-ionic molecules made up of about 2000 residues.
Locust bean gum is less soluble than guar gum and is not capable of forming gels
on its own in water systems. However, it improves gel strength when used in
combination with carrageenan or xanthan gum. Being non-ionic, locust bean gum
is not affected by ionic strength or pH but will degrade at pH extremes at higher
temperatures.
Locust bean gum is mainly used as a thickening agent and in certain gel systems as
stabilizer or texture modifier. Typical application includes that in cream cheese,
dairy desserts, and ice cream.
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ALGINATES
Alginates are produced from giant kelp Macrocystis pyrifera and also by bacteria.
The term is a generic designation for the derivatives of alginic acid. Alginic acid is
a linear polymer containing -1,4-linked D-mannuronic acid (M) and -1,4-linked
L-guluronic acid (G) residues. Although these residues are epimers (D-mannuronic
acid residues being enzymatically converted to L-guluronic after polymerization)
and only differ at C5, they possess very different conformations.
Alginates are not random copolymers but, according to the source algae, consist of
blocks of similar and strictly alternating residues (i.e., MMMMMM, GGGGGG
and GMGMGMGM), each of which have different conformational preferences and
behavior (Fig. 2-39).
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Fig. 2-39: Partial structure of alginate (note the orientation of bonds at C1 and C4)
As examples, the M/G ratio of alginate from Macrocystis pyrifera is about 1.6
whereas that from Laminaria hyperborea is about 0.45. Alginates may be prepared
with a wide range of average molecular weights (50-100000 residues) to suit the
application. The most common form of alginate is sodium alginate.
Alginates have thickening, suspending, emulsifying, stabilizing, gel forming, and
film-forming properties. Alginates can form gels with calcium, acid, or both.
The gum can be used in a variety of foodstuffs, including ice cream, pudding,
dressings, and dairy. Propylene glycol alginates have widespread use as acid-stable
stabilizers, such as in preserving the head on beers.
CARRAGEENANS
Carrageenans are extracted from Irish moss Chondrus crispus, a red seaweed.
Carrageenan is a collective term for polysaccharides prepared by alkaline
extraction (and modification) from red seaweed (Rhodophycae), mostly of genus
Chondrus, Eucheuma, Gigartina and Iridaea. Different seaweeds produce different
carrageenans.
Carrageenans are linear polymers of about 25,000 galactose derivatives with
regular but imprecise structures, dependent on the source and extraction conditions.
Three fractions of carrageenan have been isolated, namely, kappa ()-, lambda ()-,
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and iota ()- carrageenan. Carrageenans consist of salts or sulfate esters with a ratio
of sulfate to hexose units of close to unity. In general, carrageenan consists of
alternating 3-linked--D-galactopyranose and 4-linked--D-galactopyranose units:
3,14,13,14,1 . See Fig. 2-40 for the generalized
structure of carrageenans.
Idealized structures of -, -, and  carrageenan can be represented by the
following shortcut formula:
- carrageenan: (13)--D-glp-4-sulfate-(14)-3,6-anhydro--D-glp-(13)
- carrageenan: (13)--D-glp-2-sulfate-(14)--D-glp-2,6-disulfate-(13)
-Carrageenan: (13)--D-glp-4-sulfate-(14)-3,6-anhydro--D-glp-2-sulfate-(13)
Where glp = galactopyranose
All carrageenans are highly flexible molecules which, at higher concentrations,
wind around each other to form double-helical zones. -carrageenans form gel on
cooling in presence of potassium or protein whereas -carrageenans require calcium
to gel. -carrageenan is incapable of forming gels, but can be used to control
viscosity.
sulfate ester
6

CH2OH
O
O

4

6

CH2
O

1

O



O
3

-O SO
3

1

O

6

CH2OH

CH2

O
4

O
1

3

OSO31 -linkage 1 -linkage

O



O

6 CH

2OH

-O SO
3

1

O

O
4

3

1

O

3

OSO33,6-anhydro-D-galactopyranose

Fig. 2-40: Generalized, partial molecule of carrageenan
Carrageenans are used mainly for thickening, suspending, and gelling. - and carrageenans form thermoreversible gels on cooling in the presence of appropriate
counterions. -carrageenans have been found to act as a cryoprotectant and
improve the freeze-thaw behavior of locust bean gum.
-carrageenans stabilize milk -casein products due to its charge. Carrageenans are
also used as a binder in cooked meats, to firm sausages and as a thickener in
toothpaste and puddings.
AGAR
Agar is prepared from the same family of red seaweeds (Rhodophyceae) as the
carrageenans. It is commercially obtained from species of Gelidium and Gracilaria.
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Agar is a mixture of at least two polysaccharides, viz., agarose and agaropectin.
Agarose is a neutral, linear polymer of molecular weight about 120,000, based on
the -(13)--D-glp-(14)-3,6-anhydro--L-glp units. The major differences from
carrageenans is the presence of L-3,6-anhydro--glp rather than D-3,6-anhydro-glp units and the lack of sulfate groups. A partial structure of agarose is given in
Fig. 2-41. Note the similarity of structures of -D-glp and -L-glp.
Agaropectins are a heterogeneous mixture of smaller molecules that occur in lesser
amounts. Their structures are similar but slightly branched and sulfated. They have
5-10% sulfate groups and may have methyl and pyruvic acid ketal substituents.
They gel poorly and may be simply removed from the excellent gelling agarose
molecules by using their charge. The quality of agar is improved by alkaline
treatment, which converts any L-glp-6-sulfate to 3,6-anhydro-L-glp.
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Fig. 2-41: Partial structure of agarose
The gel network of agarose contains double helices formed from left-handed
threefold helices. These double helices are stabilized by the presence of water
molecules bound inside the double helical cavity. Exterior hydroxyl groups allow
aggregation of up to 10,000 of these helices to form suprafibers.
Agar is insoluble in cold water but dissolves to give random coils in boiling water
to form heat-resistant gels. The gel formation properties of agar are unique. It
shows hysteresis in that gelation takes place at temperatures far below the gelmelting temperature. The gel remains solid up to about 85°C while the melted agar
sets at around 40°C. This feature allows us to culture thermophilic organisms in
agar plates.
Agar has a major use in microbiological media as it is not easy for microorganisms
to metabolize. Agar also forms clear, stable, and firm gels. In the food area, it is
used in icings, glazes, processed cheese, jelly sweets, and marshmallows. It may be
used in tropical countries and by vegetarians as a substitute for gelatin (protein
obtained from animal bones and hides, which liquefies at temperatures above
25°C).

CHAPTER 4: PROTEINS
The name protein comes from the Greek root ‘protos’, which means ‘to be first’.
Proteins are polymers of some 21 different amino acids joined together by peptide
bonds. Amino acids are therefore building blocks of proteins.
Proteins are essential to all life forms. In animals, they have following functions:
1. Body building, growth, and renewal of tissue
2. Synthesis of enzyme, nucleic acids, blood proteins, and hormones of
protein nature
3. Provide energy (physiological energy value ~ 4kcal/g; gross energy value
~5.65kcal/g)
4. Provide essential amino acids
5. Excess proteins are converted to fatty acid and glucose
6. Essential for nutrient digestion, metabolism, and transport of minerals
7. Metabolic regulation by enzymes (because enzymes are also proteins)
8. Defense mechanism (as antibodies)
OCCURRENCE
Proteins occur in animals, plants, and microorganisms in important quantities.
However, plants are the primary source of proteins because they can synthesize
protein by combining nitrogen and water from soil, and CO2 from the air. Animals
depend on plants to fulfill their protein requirement. Humans require about 1g
protein per day per kg body weight. In the developed countries, people obtain
much of their protein from animal products. In other parts of the world, the major
portion of the dietary protein is derived from cereals and legumes. Many plant
proteins are deficient in one or more of the essential amino acids. Balanced diet is
therefore required to make up this deficit.
Microorganisms often contain very large amounts of proteins. Some selected
microorganisms have been cultivated in industrial scale to produce commercial
protein supplements. Such proteins are called single cell proteins (SCP). Protein
contents of common foods are: beef, 17%; pork, 10 %; chicken, 22%; fish, 18%;
milk, 3.6%, egg, 12.5%; rice, 7%; wheat, 12%; pulses, 22%; soybean, 43%; peas,
6.3%; beans, 5%; skim milk powder, 36%; cheese, 25%; fruits and vegetables, 12%; single cell protein, 45-85%.
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AMINO ACIDS
Amino acids are the building blocks of proteins. Amino acids contain an amino
group and a carboxylic group attached to the -carbon of their chain. Excepting the
two amino acids, viz., proline and hydroxyproline, the general structure of an
amino acid is as in Fig. 3-1.
Natural proteins contain 21 different amino acids, viz., Glycine (gly), Alanine (ala),
Valine (val), Leucine (leu), Isoleucine (ile), Serine (ser), Threonine (thr), Cystine,
Cysteine (cys), Methionine (met), Glutamic acid (glu), Aspartic acid (asp), Lysine
(lys), Arginine (arg), Histidine (his), Phenylalanine (phe), Tyrosine (tyr),
Tryptophan (trp), Proline (pro), Asparagine (asn), and Glutamine (gln). See Fig. 32 for the structures of individual amino acids. The side chains are sometimes
denoted by letters A (for alanine), R (for arginine), N (for asparagines), D (for
aspartic acid), E (for glutamic acid), Q (for glutamine), etc.
side chain
carboxylic group

R

amino group
H2N

CH

COOH
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Fig. 3-1: General structure of amino acid
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Fig. 3-2: Structures of amino acids (..continued)
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Fig. 3-2: Structures of amino acids
Note that cysteine is half of cystine and therefore both of these can be considered
under cystine, which makes the total number of amino acids 20.
CLASSIFICATION OF AMINO ACIDS
Amino acids can be classified on various bases. The following scheme of
classification, which is based on the chemical properties of the side chain, is more
practical:
1. Basic amino acid: lysine, histidine and arginine
2. Dicarboxylic amino acid and their amides: aspartic acid, glutamic acid,
asparagine and glutamine
3. Hydroxyamino acid: serine and threonine
4. Sulfur amino acid: cystine, methionine and cysteine
5. Aromatic amino acid: phenylalanine, tyrosine and tryptophan
6. Heterocyclic amino acid: proline
7. Hydrocarbon chain amino acid: glycine, alanine, valine, leucine, and
isoleucine
Note that it is also possible to place tyrosine in the group Hydroxyamino acids
ESSENTIAL AMINO ACIDS
Out of the 20 amino acids present in proteins, humans can synthesize in the body
only 12 of them. The rest (8 amino acids) cannot be synthesized and must therefore
be supplied through diet. This group of 8 amino acids is called essential amino
acids. Since the deficiency of these amino acids leads to several deficiency
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diseases they are also called indispensable amino acids. Following is the list of
essential amino acids with absolute requirement:
(i) L-leucine, (ii) L-isoleucine, (iii) L-lysine, (iv) L-phenylalanine, (v) L-valine,
(vi) L-threonine, (vii) L-methionine, (viii) and L-tryptophan.
L-histidine and L-arginine are essential for children because the biosynthetic
pathway in them is not fully developed. They are hence considered semi-essential
amino acids. Including these amino acids makes a total of 10 essential amino acids.
Sometimes, other amino acids, viz., cysteine and tyrosine, also become essential
(particularly under diseased conditions). These amino acids (sometimes along with
histidine and arginine) are termed conditionally essential amino acids. Sometimes,
it becomes easier to remember the names of essential amino acids using
mnemonics. One of such mnemonics is HIMAL PVT LT (that is, Himal Private
Limited), where: H = histidine, I = isoleucine, M = methionine, A = arginine, L =
leucine, and so on.
The distribution of amino acids in food protein indicates protein quality. Cereal
grains are low in lysine followed by threonine or sometimes tryptophan (in corn).
Lysine is therefore called the limiting amino acid of cereal grains. However,
cereals are good in sulfur amino acids. Pulses, on the other hand, are good sources
of lysine but poor in sulfur amino acids. It is therefore justified to include pulses in
the cereal-based diet. Food proteins that have good distribution of essential amino
acids are called complete protein, for example, egg protein and milk protein.
In nature, non-protein amino acids also occur and more than 200 of them have been
described. Some of these are γ-homocysteine, ornithine, creatine, D-glutamic acid,
D-alanine, -alanine, thyronine, etc. These amino acids have different metabolic
roles. For example, ornithine is associated with urea cycle, creatine plays a
fundamental role in the energy storage process in vertebrates, and -alanine is
found in the vitamin pantothenic acid. Some structures of non-protein amino acids
are given in Fig. 3-3.
CH3
H2N C N CH2 COOH
NH
creatine

H2N CH2 CH2 COOH
-alanine

H2N CH2 CH2 CH2 CH COOH
NH2
ornithine

Fig. 3-3: Some examples of non-protein amino acids
THE PEPTIDE BOND
Chemically, proteins are polypeptides or their derivatives. Polypeptides are formed
by polymerization of amino acids. Amino acids are linked together by a covalent
linkage between amino group of one amino acid and carboxylic group of the next
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amino acid. The linkage is called peptide linkage or amide linkage. When two
amino acids are linked together they form dipeptide. Linkage of three amino acids
gives a tripeptide. Tetrapeptides, pentapeptides, and polypeptides are similarly
formed by the same mechanism. When amino acids are used in the peptide-bond
formation, each amino acid is referred to by the term residue, e.g. lysine residue.
The mechanism of polymerization is shown in Fig. 3-4.
R2

R1

R3

R4

R5

H2N CH COOH + H2N CH COOH + H2N CH COOH + H2N CH COOH + H2N CH COOH
4H2O
R2

R1

R3

R4

R5

H2N CH CONH CH CONH CH CONH CH CONH CH COOH
N-terminal

C-terminal
Peptide bond

Fig. 3-4: Representation of polymerization event of amino acids to polypeptide
Peptides have different metabolic roles. Some select examples of peptides and their
biological roles are:
Glutathione: It is a tripeptide of γ-glutamylcysteinyl glycine that functions as an
antioxidant system in brain metabolism and many biological oxidations.
Insulin: It is a polypeptide hormone containing 51 amino acid residues and is
involved in carbohydrate metabolism (Fig. 3-12, page 70).
Gramicidin-S: It is a cyclic polypeptide of 10 amino acid residues and has
antibiotic activity (Fig. 3-5).
L-leucine
L-ornithine

D-phenylalanine

L-valine

L-proline

D-phenylalanine

L-valine

L-valine
L-ornithine
L-leucine

Fig. 3-5: Structure of gramicidin-S
Vasopressin and oxytocin: These are semi-cyclic nonapeptides with hormonal
functions. Oxytocin (Fig. 3-6) causes the contraction of smooth muscle while
vasopressin causes a rise in blood pressure by constricting the peripheral blood
vessels.
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Somatotropin: It is a polypeptide hormone containing 191 amino acid residues and
is involved in human growth and increased secretion of milk in cows.
C6H4OH
CH2 O

O
CH2 CH C NH CH C NH
S
S
O
O
CH2 CH NH C CH NH C
CH2
CONH2
C=O
N

C2H5
CH CH3
CH
C=O
NH
CH (CH2)2 CONH2

O
C NH CH C NH CH2 CONH2

Fig. 3-6: Structure of oxytocin
PROPERTIES OF PROTEINS
1. ISOMERIC FORM
Except glycine, all amino acids are optically active. It is only the L-isomer (and not
the D-isomer) that is of prime importance to a living cell. Note that D and L do not
refer to optical property. Unlike glyceraldehyde, the L- isomers of amino acids are
not levorotatory! (optically active amino acids are actually dextrorotatory).
2. AMPHOLYTIC CHARACTER
Proteins and amino acids are ampholytes. Ampholytes are electrolytes capable of
reacting with both acids and bases and this makes them very important buffer
system in our body fluid. The ampholyte behavior is due to the simultaneous
presence of carboxylic acid (that reacts with a base) and amino group (that reacts
with an acid).
3. MOLECULAR WEIGHT
Unlike other inorganic compounds and simple organic compounds, proteins are
macromolecular. For example, the molecular weight of hemoglobin is 64,500, and
that of invertase (yeast enzyme that converts sucrose to glucose and fructose) is
around 120,000!
4. ZWITTERIONIC CHARACTER AND PRECIPITATION
Proteins carry many ionizable groups. At a specific pH, called isoelectric pH (pI
for short), proteins and amino acids exist as dipolar or zwitterionic compound. At
this pH (that is, at pI), the entire positive charges of the proteins and amino acids
are exactly balanced by negative charges thereby producing a net charge equal to
zero. This is the pH where amino acids and proteins have minimum solubility in
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water and therefore can be precipitated. The precipitation is the due to the
minimum electrostatic repulsion between protein molecules. This principle is used
in the preparation of paneer from milk. In paneer preparation, milk is acidified with
an acid to bring down pH to less than 4.6, the isoelectric pH of the milk protein
casein. See Fig. 3-7 for the concept of zwitterions and Table 3-1 for some typical
pI values of amino acids and proteins.
COO 
protein

H2N

COO 

NH2
COO
NH2



COO 

 H
 H

+

H3 N

NH3

protein

COO 

COO



NH3

 H

NH3

COOH

 H

+

H3 N

protein

COOH

COOH
NH3

Fig. 3-7: Zwitterionic state of protein
Concentrated solutions of neutral mineral salts such as MgSO4, Na2SO4 and
(NH4)2SO4 may precipitate a protein from its solution. Mineral ions attract water
molecules and consequently remove the solvation layer from around protein
particles. Mineral ions may also bind with oppositely charged ionic groups of
proteins to reduce their surface charges. Both of these enhance the aggregation and
precipitation of protein particles. This fact is fruitfully used in the concentration
and purification of commercial enzymes.
Non-polar organic solvents, specific antibodies, and heavy positive or negative ions
also precipitate proteins. The reaction with antibodies is widely used for blood
grouping test, serotyping of microorganisms, and in many diagnostic kits.
Table 3-1: pI values of some amino acids and proteins
Amino acid/protein

pI value

Alanine

6.0

Arginine
Asparagines

Amino acid/protein

pI value

Proline

6.3

10.76

Serine

5.68

5.41

Tryptophan

5.89

Cystine

4.6

Tyrosine

5.66

Glutamic acid

4.6

Valine

5.96

Glutamine

3.22

Aspartic acid

2.77

Glycine

5.97

Pepsin (enzyme)

<1

Histidine

7.59

Ovalbumin (hen)

4.6

Isoleucine

6.02

Hemoglobin (horse)

6.9

Leucine

5.98

Urease (enzyme)

5.5

Lysine

9.74

Carboxypeptidase (enzyme)

6.0

Methionine

5.74

Casein (milk protein)

4.7
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5. DENATURATION AND RENATURATION
One of the most important properties of proteins is the denaturation. Denaturation
refers to the breaking of any bonds except the primary bond (the peptide bond, that
is). Proteins have complex three-dimensional structures. These structures arise
from non-primary bonds such as salt bond, hydrogen bond, hydrophobic bond,
hydrophilic bond, etc. (see later). The three-dimensional structures provide correct
conformation to protein for functioning as highly active living molecules, such as
the enzymes. Any event that breaks down this structure will inactivate the active
protein. Denaturation thus destroys the natural conformation of the protein
molecule.
Denaturation can be caused by heat, oxidation, agitation, pressure, solvent, X-rays,
etc. A very common example of protein denaturation is the effect we see after an
egg has been boiled. The protein coagulates, which is an example of denaturation.
Sterilization of materials by moist heat (e.g., in autoclave) is another example –
microorganisms are killed as a result of protein denaturation. Depending on the
extent of denaturation activity imposed, denaturation can be either reversible or
irreversible. Denaturation destroys the biochemical properties and functions of
proteins but the nutritional value is not lost. See Fig. 3-8 for an idea about
denaturation of proteins.
Linkage other
than primary bond
Denaturation
Native protein

Denatured protein

Fig. 3-8: Protein molecule with natural and denatured conformation
Chemical modification of amino acid side chains or cleavage of peptide bonds does
not necessarily accompany denaturation, although some chemical agents may do
both. There are many methods of assessing denaturation, other than loss of
enzymic or other biological activity. Denaturation may be manifested by loss of
crystallizability, a marked increase in viscosity, a decrease in solubility, or changes
in sedimentation and diffusion coefficients. Many native, globular proteins are
resistant to digestion by proteolytic enzymes, such as trypsin and chymotrypsin,
whereas denatured proteins are rapidly hydrolyzed by these enzymes.
6. HYDRATION AND GEL FORMATION
Proteins can form hydrates with water and this type of reaction is often important
in food industries. A protein molecule contains a number of groups in which a
nitrogen or an oxygen atom contains a pair of unshared electrons and is therefore
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capable of forming a hydrogen bond. The nitrogen in the peptide link as well as the
nitrogen in the free amino group are in this condition, and by their relative
negativity can attract the hydrogen of a molecule of water. See Fig. 3-9.
from protein portion
H 

N
H


H


O


O

H
water








H

H water

Fig. 3-9: Hydration of proteins
The double-bonded oxygen of the carboxyl (COOH) group or of the carbonyl
(CO) of the peptide link is more strongly negative than the nitrogen (of the amino
group) and therefore has a greater attraction for the hydrogen. The ionized groups
formed above or below isoelectric pH (that is, pI) have a greater affinity for water.
When a protein is in solution that contains other constituents capable of attracting
water, a competition for water may occur between the molecules. The extent of
hydration of a protein dispersion therefore depends not only on the concentration of
the protein dispersed but also on the pH, the presence of other substances which
combine with water, and the temperature. One very important application of
hydration property of protein is in the preparation of yogurt. Heating for an hour or
so at boiling point hydrates the milk proteins. Consequently, a well-heated milk
forms yogurt that is resistant to drip (water expulsion).
Proteins can form gels by acid coagulation, action of enzymes, heat, and storage.
Gelatin gel is a very good example (it can form gel at a concentration as low as 1%
in water). Gel formation in proteins is a two-stage process, viz., (i) denaturation of
native proteins to unfold the polypeptides, and (ii) gradual association to form the
gel matrix. The formation of network immobilizes the water. During gelation,
various covalent, non-covalent, and disulfide interactions are possible. Disulfide
cross-links help in bridging and ordering of the gel network, while noncovalent
bondings help in stabilizing and strengthening the gel structure.
If the second stage of gelation (i.e., aggregation) is reversible, it is called progel
state. The formation of progel is accompanied by increased viscosity and sets to
form the gel. This gel type is called the thermoset or reversible to distinguish it
from the thermoplastic or irreversible gels. Gelatin is an example of a thermally
reversible gel, whereas milk gel is irreversible.
Conditions affecting gelation of proteins include heat, pH, ionic strength, and
protein concentration. However, for every protein there is a critical concentration
below which a gel cannot be formed.
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7. HYDROLYSIS
Proteins can be hydrolyzed by acid, alkali, and hydrolytic enzymes to produce
peptides and amino acids or their derivatives. Hydrolysis by chemicals is rather
random in nature and may also lead to destruction of many amino acids. Sodium
hydroxide destroys arginine, cysteine, serine and threonine. On the other hand,
enzymatic hydrolysis is very specific. For example, chymotrypsin preferentially
breaks the peptide bond where an aromatic amino acid is involved by carboxyl
group. Trypsin preferentially hydrolyzes the linkage where basic amino acid is
involved by its carboxyl group. Pepsin preferentially breaks the peptide link where
aromatic amino acids are involved by their amino group. See Fig. 3-10 for the
explanation.
Phenylalanine
Lysine
NH2

R1
R2
R3
CH2 O
(CH2)4 O
O
O
O
NH CH C NH CH C NH CH C NH CH C NH CH C NH
HO O

HO O

trypsin

pepsin

HO O
chymotrypsin

Fig. 3-10: Specificity of hydrolytic enzymes
8. REACTION WITH REDUCING SUGARS
The amino groups of proteins and amino acids react with aldehyde and ketone
groups of reducing sugars to give brown-colored compounds. The reaction is
commonly referred to Maillard reaction. This reaction has a great importance in
food chemistry. The reaction mechanism is discussed in page 225 under the topic
non-enzymatic browning.
9. REACTION WITH NINHYDRIN
This reaction is extensively used for qualitative as well as quantitative test of
amino acids. The reaction consists of several steps, as shown in Fig. 3-11. Amino
acids react with ninhydrin and most of them form a purple color called Ruhmans
purple (diketohydrindylidine diketohydrindamine). Proline and hydroxyproline
produce yellow color and asparagine gives a brown color.
10. REACTION WITH AMINO GROUP
This is a very common reaction utilized for the estimation of proteins in milk. The
reaction mechanism is given in Fig. 3-22a and 3-22b (page 83).
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-amino acid
O
R CH C OH
NH2

NH3

O

O

OH
H + H2 O

OH
OH
Ninhydrin O
(oxidized)

-keto acid
O O
R C C OH

Imino acid
O
R C C OH
NH

Ninhydrin O
(reduced)

CO2

O

O
R C
H
Aldehyde

O
N
H

3H2O

O

O

O

O
N

OH
O
Diketohydrindylidine diketohydrindamine
(Ruhman's purple)

Fig. 3-11: Outline of ninhydrin reaction with amino acids
PROTEIN STRUCTURE
Proteins are macromolecules with different levels of structural organization, viz.,
(i) primary structure, (ii) secondary structure, (iii) tertiary structure, and (iv) quaternary
structure.
1. Primary structure of proteins
The primary structure of protein refers to precise number and sequence of amino
acids in a protein. It in also includes location of disulfide bonds. For example,
insulin (a hormone needed in glucose metabolism) contains two peptide chains
linked by two disulfide bonds. The chain A has 21 amino acids and B has 30 amino
acids. An intrachain disulfide bond is present in the chain A. (Fig. 3-12).
Protein without a primary structure is not possible. This primary structure
undergoes another level of organization to give more complex structure.
2. Secondary structure of proteins
Besides being arranged in a sequence, the amino acids close to each other in a
polypeptide chain react among themselves to give a specific spatial arrangement
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called secondary structure. The reaction is the result of hydrogen-bonding between
CO and NH groups and/or due to other forces such as van der Waals forces and
hydrophobic interactions between apolar side chains. In an aqueous medium,
hydrogen bond is the major stabilizing force. Hydrogen bonding can be either
within the same polypeptide (intrachain bonding) or between polypeptides
(interchain bonding). Interchain bonding gives a structure termed pleated sheet (see
Fig. 3-14) while intrachain gives a structure called -helix (Fig. 3-13.a and 3-13.b).
In general, fibrous proteins have pleated sheet structure and the globular proteins
have helical structures.
Ser Leu Tyr Gln Leu Glu Asn Tyr Cys Asn
Cys
Disulfide bond

S
S

Gly Ile Val Glu Gln Cys Cys

S
S

CHAIN-A

10
9
8

S
S

Cys
Val
Leu
Tyr
Leu

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala
CHAIN-B

Gly
Glu
Arg
Gly
Phe
Phe
Ala Lys Pro Thr Tyr

Fig. 3-12: Primary structure of insulin
side chain
carbon

5.1Ao

nitrogen
5.4Ao pitch
3.6 residues

1st turn of helix

26o
1.5 Ao (rise per residue)

Fig. 3-13.a: -helix due to intrachain hydrogen bonding
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Fig. 3-13.b: -helix due to intrachain hydrogen bonding
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Fig. 3-14: Pleated sheet in interchain hydrogen bonding
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3. Tertiary structure of proteins
The tertiary structure of protein refers to the spatial arrangement of amino acid
residues that are far apart in the polypeptide chain (see Fig. 3-15.a and 3-15.b) The
tertiary structure of proteins is associated with the interaction of groups in the side
chain R of the amino acids. These interactions include salt bond, hydrogen bond,
disulfide bond, hydrophobic bond, and Van der Waal forces. These bonds aid in
holding the protein in a rather rigid and extensively folded structure or
conformation. Disulfide bond is the only covalent bond that is associated with
tertiary structure. It is the strongest of the tertiary bonds. It is not affected by pH,
salts, solvents, and temperature. This bond can be broken by reduction but can also
be reformed by mild oxidation. The tertiary structure results in the formation of a
tightly packed unit with most of the polar amino acid residues located on the
outside and hydrated. This leaves the internal part with most of the apolar (nonpolar) side chains and virtually no hydration.
Prosthetic group of
myoglobin

O
C OH

H2 N

Tertiary structure
of myoglobin

Fig. 3-15.a: Tertiary structure of protein
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Fig. 3-15.b: Tertiary structure of protein
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Certain amino acids, such as proline, disrupt the -helix, and this causes folded
regions with random structure. The nature of the tertiary structure varies among
proteins as does the ratio of -helix and random coil.
The tertiary structure is of special interest (and importance) if the protein is an
enzyme. To be active, the enzyme must bind a specific substrate in a correct
position. For this purpose, the protein must have certain shape and charges
arranged spatially in a particular way. The residues of amino acids very distant
from one another in the sequence can be brought very near due to the folding and
thus form regions called active site (or catalytic site) of the enzymes.
4. Quaternary structure
The quaternary structure of protein is the organization or the association of several
similar protein chains or subunits into a closely packed arrangement. Each of the
subunits has its own primary, secondary and tertiary structure. The subunits fit
together because of their shape and are held together by non-covalent interactions
or disulfide bridges. This results in an oligomeric quaternary structure. Single chain
proteins have no quaternary structures. Quaternary structure is observed in large
molecules, usually with molecular weights above about 50,000.
An example of the quaternary structure of protein is the familiar hemoglobin (Fig
3-16). Hemoglobin consists of two pairs of different proteins, each protein
enfolding a molecule of heme.
-chain

-chain

iron heme
-chain

-chain

Fig. 3-16: Hemoglobin, an example of quaternary structure (note the 4 subunits)
The two identical α-chains and two identical β-chains are arranged tetrahedrally in
a three-dimensional structure. All of these units are held together by forces other
than covalent bonds. Hydrophobic interaction, hydrogen bonding, and salt bridges
may all contribute. Fitting together of the proteins results in an almost spherical
shape. The four protein subunits of hemoglobin do not behave independently.
When one heme molecule binds O2, the conformation of the surrounding protein
chain is slightly altered. Changes in conformation at one site caused by a change in
a spatially separated site of a protein molecule are called allosteric effects.
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DETERMINATION OF STRUCTURE OF PROTEIN
Determination of primary structure is fundamental to the analysis of all other
structural levels (secondary, tertiary and quaternary structures). Determination of
primary structure requires following information about the molecule: (a) amino
acid sequence; (b) amino acid profile; and (c) molecular weight of protein. Amino
acid profile can be generated by amino acid analyzers. Profile analysis first of all
entails complete hydrolysis of protein with 6N HCl at 110°C for 24h. Subsequently,
the amino acids are separated by HPLC (High Performance Liquid
Chromatography). The amino acids are sequentially eluted by adjusting the pH of
the eluent (solvent) and simultaneously quantitated in spectrophotometer.
Molecular weights can be obtained directly by theoretical calculation (from the
amino acid profile) or other techniques. Determination of amino acid sequence is
quite involved.
Determination of amino acid sequence
The sequence of amino acids in proteins can be determined by classical as well as
modern process. There are several variations within the classical methods also.
Classical methods entails of two basic analytical procedures: (a) partial cleavage of
the original polypeptide into smaller polypeptides, and (b) end group analysis
(identification of NH2-terminal and COOH-terminal amino acid of the protein).
The partial cleavage of the protein into small units can be carried out chemically
(with dilute acid, CNBr, etc.) or enzymatically (with trypsin, chymotrypsin). The
cleavage occurs at known specific sites and it must be carried out in at least two
different ways so that the smaller polypeptides produced in one procedure overlap
those produced in a second procedure and provide an opportunity for identifying
the sequence of amino acid in the area of the original chain where the cleavage
occurs. Thus, by knowing the amino acid profile and molecular weight, the number
of times each residue occurs in the protein can be determined. With this
information, the determination of sequence can proceed.
End group analysis can be carried out by different methods. The determination of
NH2-terminal amino acid is carried out by reacting the peptide with chemicals like
2,4-dinitrofluorobenzene, dansyl reagent or phenylisothiocyanate (Edman method).
The COOH-terminal amino acids can be determined by reacting the polypeptide
with chemicals like LiBH4 and enzymes like carboxypeptidase.
In the automated version of classical method of amino acid sequencing, a method
called Edman degradation is used. The Edman degradation sequentially removes
one residue at a time from the amino end of a peptide. Phenyl isothiocyanate is
reacted with the uncharged terminal amino group of the peptide to form a
phenylthiocarbamoyl derivative. Then, under mildly acidic conditions, a cyclic
derivative of the terminal amino acid is liberated, which leaves an intact peptide
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shortened by one amino acid. The cyclic compound is a phenylthiohydantoin
(PTH)-amino acid, which can be identified by chromatographic procedures. The
Edman procedure can then be repeated on the shortened peptide, yielding another
PTH-amino acid, which can again be identified by chromatography. Three more
rounds of the Edman degradation will reveal the complete sequence of the original
peptide (a pentapeptide in this case, Fig. 3-17).
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Fig. 3-17: Edman degradation of polypeptide
The development of automated sequencers has markedly decreased the time
required to determine protein sequences. One cycle of the Edman degradation  the
cleavage of an amino acid from a peptide and its identification  is carried out in
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less than 1 hr. By repeated degradations, the amino acid sequence of some 50
residues in a protein can be determined. HPLC provides a sensitive means of
distinguishing the various amino acids.
The reactions of the Edman method, especially the release step, are not 100%
efficient, and so not all peptides in the reaction mixture release the amino acid
derivative at each step. This obstacle can be circumvented by cleaving the original
protein at specific amino acids into smaller peptides that can be sequenced.
Specific cleavage can be achieved by chemical reagents or endopeptidases such as
trypsin and chymotrypsin. For example, cyanogen bromide (CNBr) splits
polypeptide chains only on the carboxyl side of methionine residues. Trypsin
cleaves polypeptide chains on the carboxyl side of arginine and lysine residues.
Chymotrypsin hydrolyzes peptide bonds on the carboxyl side of phenylalanine,
tryptophan and tyrosine. The resulting segments are separated by chromatography,
purified, and sequenced by Edman method.
At this point, the amino acid sequences of segments of the protein are known, but
the order of these segments is not yet defined. The necessary additional
information is obtained from overlapped peptides (Fig. 3-18).
Determination of protein structure by new method
The method involves isolation of the gene responsible for the synthesis of the
protein under investigation. The genetic code is then interpreted in terms of amino
acid by using universal codon. The method is quicker but the degeneracy of the
code must be taken into account.
Determination of other structural levels
Determination of other structural levels of proteins is carried out by X-ray
crystallography and Nuclear Magnetic Resonance (NMR).
X-ray crystallography is a technique in crystallography in which the pattern
produced by the diffraction of X-rays through the closely spaced lattice of atoms in
a crystal is recorded and then analyzed to reveal the nature of that lattice. The
spacing in the crystal lattice can be determined using Bragg's law. The electrons
that surround the atoms, rather than the atomic nuclei themselves, are the entities
which physically interact with the incoming X-ray. X-ray diffraction is commonly
carried out using single crystals of a material, but if these are not available,
microcrystalline powdered samples may also be used, although this requires
different equipment, gives less information, and is much less straightforward.
Preparation of protein crystals is quite involved.
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TRYPSIN
hydrolyzes peptide bonds
on C-side of Lys and Arg

Glu--Lys--Ser--Ala--Met--Phe--Leu--Glu

Resulting peptides

Glu--Lys

Ser--Ala--Met--Phe--Leu--Glu

Separation and purification

Identification by Edman degradation

CHYMOTRYPSIN
hydrolyzes peptide bonds on
C-side of Phe, Tyr, Trp

Glu--Lys--Ser--Ala--Met--Phe--Leu--Glu

Resulting peptides

Glu--Lys--Ser--Ala--Met--Phe

Leu--Glu

Separation and purification

Identification by Edman degradation

Deduce the sequence by
comparing fragments

Glu--Lys

Ser--Ala--Met--Phe--Leu--Glu
(by TRYPSIN)

Glu--Lys--Ser--Ala--Met--Phe
Leu--Glu
(by CHYMOTRYPSIN)
The sequence must be:
Glu--Lys--Ser--Ala--Met--Phe--Leu--Glu

Fig. 3-18: Endopeptidases and sequencing by Fragment Overlap
Crystals (or powders of crystals) are then mounted on a diffractometer coupled
with a machine that emits a beam of X-rays. This can either be a rotating-anode
type source or a synchrotron. The X-rays are diffracted by their interaction with the
electrons in the crystal, and the pattern of diffraction is recorded on film (Fig. 3-19)
or more recently charge-coupled device detectors and scanned into a computer.
Successive images are recorded as a crystal is rotated within the X-ray beam. From
a series of electron-density photographs in different planes, the three dimensions of
simple molecules can be constructed.
Such X-ray diffraction pictures permit measurement of the intensities (amplitudes)
but not of the phases of the diffracted X-rays. There are several approaches to
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determining the phases. The most important in the study of protein crystals is the
technique of isomorphous replacement. This requires obtaining protein crystals that
are identical except for the introduction of a heavy atom in the structure, for
instance, replacing a hydrogen by a mercury atom. The diffraction patterns of the
two crystals are similar except for the small changes in the intensities of the
diffracted rays, which are caused by the different scattering power of the two atoms.
These changes permit determination of the location of the heavy atom and then the
calculation of approximate phase angles. This technique, introduced by Perutz for
the study of hemoglobin, has been successfully applied in studies of protein
structure. By measurement of series of plates (as shown in Fig. 20) with respect to
both distance and intensity of the spots, it is possible to prepare by calculation
electron-density maps which, at a relatively gross level, indicate the general
conformation of a molecule and, at a highly refined level, may permit the
assignment in space of each of the atoms of a protein molecule.

Film

X-ray beam

Powder specimen

Fig. 3-19: The powder method for X-ray diffraction

Fig. 3-20: Roentgenogram of crystalline protein
CLASSIFICATION OF PROTEINS
Although we have considered proteins as polypeptides till now, natural proteins are
in fact very complex in makeup. Often, they are found complexed with metals,
carbohydrates, nucleic acids, lipids, etc. Their chemical properties, solubility, and
shapes and sizes also vary a great deal. Thus, protein classification has been based
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on solubility in different solvents, behavior in ultracentrifuge, electrophoretic
behavior, shape, etc. However, conventional system divides proteins into three
groups: viz., (i) simple proteins, (ii) conjugated proteins, and (iv) derived proteins.
Basically, a protein can be either fibrous or globular, each of which can be either
simple or conjugated. Globular proteins can be either water-soluble or waterinsoluble but fibrous proteins are in general water-insoluble. Based on these criteria,
another scheme of classification can be possible, the outline of which is given in
Fig. 3-21.
Globular proteins are relatively spherical or ovoid in shape. They have very
complex conformation, have a greater variety of biological functions, and are
dynamic rather than static. Nearly all enzymes are globular proteins. On the other
hand, fibrous proteins resemble long ribbons or fibers. They are elastic in nature,
and have structural and protective roles, for example, the proteins of hair, skins, etc.
Proteins
Fibrous
Simple
- collagen
- elastin
- ketratin

Globular

Conjugated
- pigments in
chicken feather

Simple
Water soluble
- albumin
- histone
- protamine

Water insoluble
- glutelin
- prolamin

Conjugated
- chromoprotein
- nucleoprotein
- glycoprotein
- lipoprotein
- phosphoprotein
- metalloproteins

Fig. 3-21: Classification of proteins
1. SIMPLE PROTEINS
These proteins are made up of amino acids only, for example albumins, globulins,
glutelins, prolamins, scleroproteins (that include collagens and elastins), histones,
and protamines.
Collagens: These are the major protein of white connective tissues (tendons,
cartilages, and bones). They are rich in hydroxyproline and hydroxylysine. They
are insoluble in water and resistant to animal digestive enzyme, but are altered to
easily digestible, soluble gelatin by boiling in water, dilute acids, or alkali.
Approximately 30% of the total protein in the mammalian body is collagens. They
lack cysteine, cystine and tryptophan and therefore have poor nutritional value.
Structurally, collagens are rod-shaped proteins consisting of three polypeptides (chains) intertwined to form a right-handed triple helix.
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Elastins: They are present in tendon, arteries, and other elastic tissues. Although
similar to collagen in some respects, they cannot be converted to gelatin.
Keratins: They are the proteins of hair, wool, quills, hooves, nails, etc., and are
therefore related to protective role. They contain large amounts of cystine. Human
hair has about 14% cystine.
Albumins: They are soluble in neutral, salt-free water. Usually, these proteins are of
relatively low molecular weight. Examples are egg albumin, lactalbumin, serum
albumin in the whey proteins of milk, leucosin in cereals, and legumelin in legume
seeds. Albumins are generally deficient in glycine.
Globulins: They are large globular proteins that can be precipitated by halfsaturated ammonium sulfate. Examples are serum globulins and -lactoglobulin in
milk, myosin and actin in meat, glycinin in soybeans.
Histones: They are basic proteins, as defined by their high content of lysine and
arginine. They are soluble in water and precipitated by ammonia. Some histones
are combined with nucleoproteins.
Protamines: They are strongly basic proteins of the smallest molecular weight
(4,000-8,000). They are soluble in water, dilute acids, and dilute ammonia. They
cannot be coagulated by heat. They are associated with nucleic acids. They contain
large amounts of arginine but are devoid of cystine, cysteine, tyrosine, and
tryptophan. Examples are clupein (from herring) and scrombin (from mackerel).
Glutelins: They are soluble in very dilute acid or base and insoluble in neutral
solvents. These proteins occur in cereals, such as glutenin (in wheat) and oryzenin
(in rice).
2. CONJUGATED PROTEINS
Conjugated proteins contain an amino acid part combined with a non-protein
material such as a lipid, nucleic acid, or carbohydrate. These include
phosphoproteins, lipoproteins, nucleoproteins, glycoproteins, metalloproteins, and
chromoproteins.
Chromoproteins: These are proteins with a colored prosthetic group. There are
many compounds of this type, including hemoglobin and myoglobin, chlorophyll,
flavoproteins, etc.
Nucleoproteins: These are combinations of nucleic acids with protein. These
compounds are found in cell nuclei of eukaryotes.
Glycoproteins: These are combinations of carbohydrates with protein. Usually the
amount of carbohydrate is small, but some glycoproteins have carbohydrate
contents of 8-20%. An example of such a glycoprotein (mucoprotein) is ovomucin
of egg white.
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Phosphoproteins: These proteins include many major food proteins. Phosphate
groups are linked to the hydroxyl groups of serine and threonine. This group
includes casein of milk and phosphoproteins of egg yolk.
Lipoproteins: These are combinations of lipids with protein and have excellent
emulsifying capacity. Lipoproteins occur in milk and egg yolk.
Metalloproteins: These are metal-protein complexes. Examples are carbonic
anhydrase of RBC which contains zinc; cytochrome systems, which contain copper
and iron, etc.
3. DERIVED PROTEINS
These are compounds obtained by chemical or enzymatic modifications of native
proteins and are divided into primary and secondary derivatives, depending on the
extent of change that has taken place. Primary derivatives are slightly modified and
are insoluble in water; rennet-coagulated casein is an example of a primary
derivative. Secondary derivatives are more extensively changed and include
proteoses, peptones, and peptides. The difference between these breakdown
products is in size and solubility. All secondary derivatives are soluble in water and
not coagulated by heat, but proteoses can be precipitated with saturated ammonium
sulfate solution. Peptides contain two or more amino acid residues. These
breakdown products are formed during the processing of many foods, for example,
during ripening of cheese.
QUANTITATIVE DETERMINATION OF PROTEINS
Protein determination in food analysis is a routine activity. Although it is primarily
concerned with the nutritional status of food or feed, it may also be used to assess
indirectly fruit part in wines, juices, etc. It may be used to differentiate synthetic
and artificial vinegar. In the flour confections, protein in flour is determined to
assess its suitability for noodles, breads, and biscuits.
At the present time, all methods of determining the total protein content of foods
are empirical in nature. Isolation and direct weighing of protein would provide an
absolute method. Such a method is sometimes used in biochemical investigation
but is completely impractical for food analysis.
There are several methods available for the determination of proteins in a sample.
Because of the highly variable nature of proteins, however, no single method is
suitable in all cases. More sophisticated (but less routine) methods include:
1.
2.
3.
4.

Infrared spectrophotometry
Fluorimetry
Polarography
Refractometry
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For routine tests, solid samples are usually tested by Kjeldahl nitrogen method.
Liquid samples can be tested by color reactions, such as:
1.
2.
3.
4.
5.

Lowry (Folin-Ciocalteau) method
Coomassie Brilliant Blue Dye (Bradford) method
Silver Binding method
Turbidimetric method
Biuret method

Of the various protein analytical methods, the biuret reaction comes about the
closest to being most specific in that it requires at least a sequence of two or more
peptides to develop the diagnostic color. This is also a very rapid method of assay.
Among the limitations, the test lacks sensitivity if the protein concentration is
below 1 mg/ml.
In principle, alkaline CuSO4 reacts with compounds containing two or more
peptide bonds to give violet-colored complex. The depth of the color is a measure
of the number of peptide bonds present in protein. The name of the test comes from
the compound biuret, which gives a typical positive reaction. The reaction is not
absolutely specific for peptide bonds since any compound containing two carbonyl
groups linked through nitrogen or carbon atom will give a positive result.
Dipeptides and amino acids (with the exception of histidine, serine and threonine)
do not give this reaction.
The formation of color is due to probable formation of coordination complex of
–NH group of the component amino acid with Cu++ (see Fig. 3-22.a for the
mechanism). Quantitative analysis of protein can be done by measuring the
absorbance of the color against a standard at 540-560 nm. It may be noted, peptone
produces a pink color in biuret assay.
One method of occasional use in liquid food is formol titration (formol binding)
method. This method was originally devised for the determination of proteins in
milk. The method has gained little popularity due to its low precision. However,
this method is probably the quickest method for the rapid survey of natural- and
processed milk for protein content. This method can also be used to assess fruit
part in soft drinks, wines, etc., and may be applicable in differentiating synthetic
and natural vinegar.
The formol-binding method relies on the measurement of carboxylic group present
in the amino acids and proteins by titrating with NaOH. The amount of –COOH
groups available for reaction with the alkali has been correlated with the actual
protein content (obtained by standard methods such as the Kjeldahl method) of the
milk sample.

83

FOOD CHEMISTRY

CONH2
+2

HN

Cu

H
CON

_

H
NOC
Cu+2

HN

OH

NH

CON
NOC
H
H
Biuret complex
(Pink or violet)

CONH2
Biuret molecule

O
O
R

+2

NH

Cu

R

_

H

O
N

N

H

R

+2

Cu

OH
O HN

O
HN
Protein residue

N

H O

Biuret complex
(Pink or violet)

Fig. 3-22.a: Mechanism of biuret action
Straightforward as it might seem, the stoichiometric reaction that occurs between
the alkali and – COOH is too week to perceive. This is due to the interference by
amino groups of proteins and amino acids. The titration end point can be made
more pronounced by masking/blocking the interference of primary amines and this
is done by reacting the latter with formaldehyde (methanal) at room temperature
and neutral pH to form dihydroxymethyl derivative, which is a tertiary amine (see
Fig. 3.22.b for the reaction).
COO
R CH
NH3
Amino acid

O
2HC
H
Formaldehyde

COO
R CH CH2OH
N
CH2OH
Dihydroxymethyl derivative

The reaction may also lead to the formation of methylamine as:
COOH
R CH
NH2
Amino acid

O
HC
H
Formaldehyde

COOH
R CH
N(CH3)2
Dimethylamine

Fig. 3-22.b: Reaction of formaldehyde with amino group of protein
The protein content and the formol titer (i.e., titer when the strength of NaOH is
0.1N) are related thus:
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% Pr otein content 

F  titer  ml 

Aliquot  ml 

The factor F has been worked out to be 17 for milk from Danish cows. It has to be
adjusted for other cows.
Another method of protein determination that has gained universal appeal is the
Kjeldahl method. This method was worked out by Danish investigator Kjeldahl in
1883 for determining organic nitrogen in his studies on protein changes in grain
used in the brewery industry. Since the first publication of Kjeldahl, the method
has undergone many changes, the modifications made by Wilforth (1885), Gunning
(1889), Van Slyke and Hiller (1933), to name the least.
Today, Kjeldahl method is universally used for protein determination. Several
variations and modifications are available but all of them employ the amount of
nitrogen present in the sample to calculate indirectly the crude protein content. It is
assumed, in general, that protein contains 16% nitrogen, which means that each
gram of nitrogen determined reflects a protein content of 100÷16 = 6.25g. The
factor 6.25 has been worked out based on a number of studies on amino acid
profile. In some foods, other factors give more accurate result, for example, 6.8 for
flour proteins, 5.71 for soybeans, 6.37 for milk, etc. During reporting the result, it
is therefore customary to mention the factor (usually 6.25) used in the calculation.
The nitrogen content in the sample is obtained by first oxidizing the organic
nitrogen with concentrated H2SO4 into (NH4)2SO4 as under:
Nitrogenous organic compound + H2SO4  CO2 + H2O + (NH4)2SO4 + SO2
The oxidation, termed digestion, is carried out in a special heating chamber and,
depending on the particular protocol, takes 10 min to several hours for the
completion. Digestion is the most difficult part of the operation and there is no
foolproof method for this. In practice, a small amount of catalyst mixture is added
to the sample to speed up the reaction. A very common digestion mixture contains
selenium dioxide (SeO2), potassium sulfate (K2SO4), and cupric sulfate
(CuSO4.5H2O). When carefully done, all the nitrogen of the sample is taken to be
converted to (NH4)2SO4. The nitrogen in (NH4)2SO4 is recovered as NH3 by steam
distilling the digest after decomposing the former with concentrated NaOH. The
distilled NH3 can be quantitatively determined by various means, including
methods that entail entrapment in standard boric acid and back titration.
Entrapment of NH3 in boric acid solution (the boric acid modification, that is) is
reportedly very accurate and has the advantage that only one standard solution (of
the titrating acid) is required. Neither the amount nor the concentration of boric
acid in the receiving bottle has to be precise. The trapped NH3 is titrated with
standard HCl and nitrogen content back-calculated.
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It has to be remembered at this point, the total nitrogen thus determined is not
necessarily from protein alone: nucleic acids and other nitrogenous compounds
also contribute to it. It is therefore appropriate to express the result in terms of
crude protein.
The nitrogen content can also be determined by trapping NH3 in a known excess of
standard acid, such as standard H2SO4.

CHAPTER 5: SOME FOOD PROTEINS
Although all proteins, irrespective of the source, contain any of the same twenty
amino acids, there is a tendency to use some common names, some of which are
given below:
1. MILK PROTEINS
Milk contains about 4% protein. These proteins can be classified into two groups,
viz., (i) casein and (ii) serum protein.
Casein is a phosphoprotein and accounts for about 80% of cow milk protein.
Casein is defined as milk protein that is precipitated at pH 4.6 and 20°C. Casein
consists of four distinct protein types, viz., s1-, s2-, -, and -casein. These
components account for 40, 11, 37, and 12% of total casein. A unique composition
of -casein is the presence of trisaccharides in the molecule.
Caseins exist in large spherical colloidal micelles with calcium phosphate. The
calcium and phosphate play a very important role in maintaining the integrity of the
casein micelles, and are commonly referred to as colloid calcium phosphate (CCP).
A casein micelle is assembled from submicelles whose hydrophobic regions are
oriented inward and the hydrophilic regions are located on the surface. The
submicelles aggregate into micelle through the calcium-phosphate bridges (Fig. 4-1).

Phosphate
cluster

PO4
-Casein

Ca9(PO4)6

Hydrophobic
core

Casein micelle composed
of submicelles

A submicelle

Ca

Submicelle

Fig. 4-1: Schematic representation of casein micelle and submicelle (Ser = serine
residue)
Serum protein is also called whey protein. It accounts for 20% of milk protein.
Whey proteins contain -lactoglobulin (8.5%), lactalbumin (5.1%), immunoglobulins
(1.7%), and serum albumins.

87

FOOD CHEMISTRY

MILK COAGULATION
The coagulation of milk by rennet enzyme (chymosin) has a very important role in
cheese making. The process includes two separate steps, viz., (i) proteolysis, and
(ii) aggregation.
Chymosin hydrolyzes the peptide bond at Phe105-Met106 of -casein to give a highly
acidic macropeptide, and a basic, hydrophobic para--casein, resulting in a
reduction in half of the hydrophilicity of the micelle surface. The release of
hydrophilic macropeptide reduces the surface charges and hence the potential that
creates the barrier for the micelles to come close (Fig. 4-2). Consequently, there is
an increase in hydrophobic interaction which provides a major force in coagulation.
Furthermore, proteolysis destroys the stabilizing action of -casein, particularly its
resistance to precipitation in the presence of calcium ion. The other caseins (which
are calcium sensitive) are now completely susceptible to calcium precipitation.
Therefore, in a milk system, the action of chymosin is followed by formation of
coagulum in the presence of calcium.
Aggregation of casein micelles is a bimolecular process and this will not proceed
until the degree of proteolysis has attained ~ 80%. Upon the completion of
proteolysis, the micelles are almost completely denuded.
N-terminal

Chymosin

Para--casein
Phe Ser Leu His Pro Pro
100

successful
collision

Met Ala Ile Pro Pro
110
Macropeptide
C-terminal

Proteolysis

Aggregation

Fig. 4-2: Mechanism of milk coagulation in cheese making
2. EGG PROTEINS
Egg contains about 11% protein. The egg white contains at least 8 different
proteins. Ovalbumin (54%), conalbumin (13%), and ovomucoid (11%) make up
most of the protein in egg white. Ovalbumin is a phosphoprotein while ovomucoid
is a glycoprotein. Egg white also contains lysozyme, avidin, etc., which have
antibiotic properties. Egg proteins have very interesting properties. Ovomucoid
inhibits trypsin (a proteolytic enzyme needed for protein digestion), avidin binds
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biotin (vitamin B6), and conalbumin binds iron. These properties provide egg with
biochemical defense system against microbial invasion.
Egg yolk contains about 33% of total egg protein and contains mostly lipoproteins
(21%). Other proteins include livetin (5%) and phosvitin (7%). The egg yolk
lipoproteins include lipovitellin and lipovitellenin. They have excellent emulsifying
properties.
3. MEAT PROTEINS
Animal meat contains 19-23% protein. Meat contains very high quality proteins
(except collagen and elastin). Meat proteins contain three general types of proteins:
(i) the soluble proteins, (ii) the contractile proteins, and (iii) the stroma proteins of
connective tissues.
Soluble proteins
The soluble proteins are represented by protein fraction that can be removed by
extraction with weak salt solution. Soluble proteins include myogens and
myoalbumins. Myogens are heterogeneous group of metabolic enzymes.
Contractile proteins
Major muscle proteins include actin, myosin, troponin, tropomyosin, actinin,
desmin, calsequestrin, and myoglobin. Actin and myosin occur in the ratio 1:3 and
account for almost all of muscle proteins. Myosin has an ATP-ase activity, which
provides energy for muscle contraction. On the other hand, actin interacts with
myosin but is devoid of enzyme activity. Myosin is rich in glutamic and aspartic
acid while actin is rich in proline. Actomyosin is a complex of myosin and F-actin
(a subunit of actin) and is responsible for muscle contraction and relaxation. The
whole reaction is quite involved and has been summarized in Fig. 4.3. Note that
there is involvement of creatine in the regeneration of ATP.
Myosin -ATP

Myosin -ADP-Pi
F-Actin

ATP

Actomyosin -ADP-Pi

Actomyosin
Pi

Creatine

Myosin-ADP-Pi

Resting stage

ADP
Creatine phosphate

Actomyosin

Contraction stage

Fig. 4-3: Involvement of myosin and actin in muscle contraction and relaxation
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Stroma proteins
These proteins are represented by collagens and elastins (described earlier, page 80).
4. CEREAL PROTEINS
The discussion on cereal proteins will be limited to wheat protein because of the
uniqueness and great technological importance of this cereal.
Wheat proteins are unique among plants proteins and are responsible for breadmaking properties of wheat. Wheat proteins contain four main fractions, viz.,
(i) albumin, (ii) globulin, (iii) gliadin, and (iv) glutenin. Gliadin (a prolamin) and
glutenin (a glutelin) are of technological importance because of their glutenforming properties. They are collectively called gluten and are storage proteins of
wheat. Gluten accounts for about 85% of flour proteins. They have high content of
glutamine but are low in the essential amino acids, viz., lysine, methionine, and
tryptophan. Wheat flour contains about 70% starch (amylose:amylopectin = 1:3),
11% protein, and 2% lipid.
TRANSFORMATION OF FLOUR INTO DOUGH
During dough making, the flour ingredients are integrated into the gluten network,
resulting in a starch-protein-lipid complex matrix. The reduction of disulfide bonds
during the mixing of dough and reoxidation during the resting period physically
loosens the gluten and facilitates better interactions with the lipid, starch, and other
additives via noncovalent interactions to form a continuous network of starchprotein-lipid complex.
During baking, the bonds between the polar lipids, especially the glycolipids and
gluten proteins, weaken due to the denaturation of the proteins. As the dough
temperature increases (above 50°C) and the starch gelatinizes, a translocation of
these lipids occurs in which the lipid molecules are now strongly complexed with
the starch.
NUTRITIONAL CLASSIFICATION OF PROTEINS
Proteins can also be classified according to the nutritional performance. This
classification has great relevance in human nutrition but is not usually used for
chemical studies. The broad classes are: (i) Complete proteins, (ii) Partially
complete proteins, and (iii) Incomplete proteins.
Complete proteins are those groups of proteins which contain all the essential
amino acids in adequate amounts. Examples are milk proteins, egg proteins, and
animal proteins.
Partially complete proteins are those groups in which some of the essential acids
are present in very small amounts. Such amino acids are termed limiting amino
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acids for the particular food item considered. For example, lysine is the limiting
amino acid in cereals.
Incomplete proteins include those groups of proteins in which some essential
amino acids are totally missing. Collagen, elastin, gelatin, zein (maize protein) are
some examples of incomplete proteins.

CHAPTER 6: LIPIDS
Lipids constitute a heterogeneous class of compounds which are predominantly
non-polar and may differ widely in their structures and properties. They may be
classified as:
Class

Examples

1

Simple lipids

Fats/oils and waxes

2

Compound lipids

Phospholipids, glycolipids, lipoproteins

3

Derived lipids

Steroids and sterols, fatty acids, , vitamin A, D, E, and K

Fats and oils are the most abundant of lipids. The difference between the two terms
‘fat’ and ‘oil’ is based on the physical behavior, rather than the chemical property.
Fats are semi solid at room temperature whereas oils remain liquid. In food
chemistry, it is customary to use the term fat to refer to both fat and oil.
Fats may be obtained from plants, land animals, marine animals, or
microorganisms. Fats and oils represent lipids that are saponifiable (react with
alkali to form soap). Natural fats and oils are predominantly glyceryl esters of fatty
acids. Crude fat as obtained by normal extraction process contains not only true fat
but also other minor constituents such as waxes, phospholipids, fat-soluble
vitamins, sterols, pigments, and antioxidants. The relation of these constituents can
be summarized as in Fig. 5.1.
CRUDE FAT
KOH
Fats
KOH
Waxes
KOH
Phosphatides
Non-fat

Sterols
Hydrocarbon
Pigments

KOH

Potassium salts + Glycerol
Potassium salts + Alcohol
Potassium salts + Glycerol + K3PO4 + Amine
No reaction
(Unsaponifiable matter)

Fig. 5-1: Constituents of crude fat
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GLYCERIDES
For the simplest discussion on a fat/oil molecule, it is conventional in
oleochemistry to start with the structure of a triglyceride that makes up the bulk of
oil. Structurally, a triglyceride is the reaction product of one molecule of glycerol
with three molecules of fatty acids to yield three molecules of water and one
molecule of a triglyceride (see Fig. 5-2).
R1-COOH

CH2OH
HOCH
CH2OH
Glycerol

+

CH2OCO-R1

R2-COOH

R2-COOCH

R3-COOH
Free fatty acid (FFA)

+ 3H2O

CH2OCO-R3
Triglyceride

Fig. 5-2: The make up of a fat molecule (R represents side chain)

1
2

CH2O-Palmitic

Palmitic-OCH
3

CH2O-Palmitic

Simple triglyceride
(Tripalmitin)

1

Palmitic-OCH
3

1

CH2O-Oleic

2

3

CH2O-Palmitic

Mixed triglyceride
(Oleodipalmitin)

CH2O-Oleic

2

Palmitic-OCH
CH2O-Stearic

Mixed triglyceride
(Oleopalmitostearin)

Fig.5-3: Simple and mixed triglyceride (oleic, palmitic, stearic, etc. refer to fatty
acids)
The position of carbon in a triglyceride is written from the top (shown in Fig. 5-3).
Instead of 1, 2, and 3, it is also possible to write , , and ’, respectively. The
shorthand for triglycerides is written by using the first letter of the common names
of fatty acids that have been esterified with glycerol. Thus,
PPP = tripalmitin (i.e., palmitic acid in positions 1, 2, and 3)
OPP = oleic acid in position 1, palmitic acids in positions 2 and 3
OPS = oleic acid in position 1, palmitic acid in position 2, and stearic acid in
position 3
Sometimes, abbreviations such as SSS, SUS, SUU, etc., are also used. In this
scheme, the letters do not represent names of fatty acids. S denotes any saturated
fatty acid and U denotes any unsaturated fatty acid. Thus,
SSS = triglyceride with all the three fatty acids in saturated form
SUS = saturated fatty acid in position 1, unsaturated fatty acid in position 2,
and saturated fatty acid in position 3
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SUU = saturated fatty acid in position 1 and unsaturated fatty acids in
positions 2 and 3
MONO- AND DIGLYCERIDES
Monoglycerides contain one combined (esterified) fatty acid and two free hydroxyl
groups. Diglycerides contain two esterified fatty acids and one free hydroxyl group
(Fig. 5-4). Mono- and diglycerides result from partial hydrolysis of triglycerides
and occur in appreciable amounts in spoiled oils.
H
H
H
H C OCOR1 H C OH
H C OH
H C OH
H C OCOR2
H C OH
H C OCOR3 H C OH
H C OH
H
H
H

H
H C OCOR1
H C OH
H C OCOR3
H

H
H C OH
H C OCOR2
H C OCOR3
H

H
H C OCOR1
H C OCOR2
H C OH
H

Diglycerides

Monoglycerides

Fig. 5-4: Mono-, di-, and triglyceride
FATTY ACIDS
The molecular weight of the glyceryl portion, C3H5, of a triglyceride molecule is 41.
The combined molecular weight of fatty acid radicals, RCOO¯, comprising the
remainder of the molecule will vary with different fats from about 650 to 970. Thus
the fatty acids contribute 94-96% of the total weight of the triglyceride (Fig. 5-5).
Because of their preponderant weight in the glyceride molecules, and also because
they contribute to both the chemical and physical properties of the glycerides, the
fatty acids greatly influence both the physical (hydrophobic character) and
chemical characters of the glycerides.

Mol wt = 41

H
H C
H C
H C
H

OCOR1
OCOR2
OCOR3

Mol wt = 650-970

Fig. 5-5: Proportion of glycerol and fatty acid
The naturally occurring fatty acids are, in general, straight-chained monobasic
carboxylic acids (Fig. 5-6). With some exceptions, most fatty acids that occur in
nature have an even number of carbon atoms. The smallest number of carbons in
fatty acids is 4, which gives butyric acid, C4H8O2 or CH3CH2CH2COOH. The
largest number of carbons depends on the oil type but is usually 20-24. In nature,
fatty acids of nature quite different from that described above are also found, for
example:
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Branched fatty acids: e.g., isovaleric acid
Substituted fatty acids: e.g., lactic acid, ricinoleic acid
Cyclic fatty acid: e.g., prostaglandins, chaulomoogric acid, cyclopropenoids
Dicarboxylic acids; e.g., oxalic acid, fumaric acid
SATURATED FATTY ACIDS
Those fatty acids in which all carbon atoms in the main chain contain two
hydrogen atoms and thus contain no double bonds are termed saturated. The
general formula for saturated fatty acids is CnH2nO2. Some of the common
examples are given in Table 5-1. The most common saturated fatty acids in
cooking oil are palmitic acid and stearic acid. In coconut, we may find lauric acid
in dominant amounts.
Table 5-1: Some common saturated fatty acids
No. of carbon Fatty acid

Formula Systematic name
Butanoic

M pt of fatty acid, °C

4

Butyric

C4H8O2

-8

6

Caproic

C6H12O2 Hexanoic

-3.4

8

Caprylic

C8H16O2 Octanoic

16.7

10

Capric

C10H20O2 Decanoic

31.6

12

Lauric

C12H24O2 Dodecanoic

44.2

14

Myristic

C14H28O2 Tetradecanoic

54.4

16

Palmitic

C16H32O2 Hexadecanoic

62.9

18

Stearic

C18H36O2 Octadecanoic

69.6

UNSATURATED FATTY ACIDS
The fatty acids that contain double bonds are termed unsaturated fatty acids. The
degree of unsaturation of oil depends on the average number of double bonds in its
fatty acids. Monounsaturated fatty acids have a single double bond (molecular
formula CnH2n-2O2, Table 5-2 and Table 5-3). With the exception of crotonic acid,
CH3CH=CHCOOH, which occurs in croton oil, naturally occurring
monounsaturated fatty acids contain 10 or more carbon atoms.
Fatty acids with two and more double bonds are called polyunsaturated fatty acids
(PUFAs). Diunsaturated fatty acids have a molecular formula CnH2n-4O2.
Triunsaturated fatty acids have a molecular formula CnH2n-6O2. Polyunsaturated
fatty acids with fewer than 18 carbon atoms either do not occur or are extremely
minor components of animal and vegetable fats. There are several exceptions,
though.
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In edible fats and oils, the most commonly found unsaturated fatty acids are oleic(Fig. 5-6), linoleic- (Fig. 5-7), and linolenic acid. The molecular formula, shorthand representation, and the degree of unsaturation of these fatty acids are given in
Tables 5-2 and 5-3.
H H H H H H H H H H H H H H H H H
H C C C C C C C C C C C C C C C C C COOH
1
13 12
10 9
H H H H H
H
H H H H H H H
18 17 16 15 14

11

8

7

6

5

4

3

2
()

Fig. 5-6: Chain structure of linoleic acid
PUFAs are of special importance because of their essentiality in human health. To
be functional, these PUFAs must be in cis configuration as shown in Fig. 5-7.
Although unsaturations up to three double bonds are common, fatty acids with four
or more double bonds also occur in some vegetable and animal fats. Besides that,
fatty acids that do not conform to general structure are also present.
H H
I I
C=C
12

CH3(CH2)4

H H
I I
CH2- C=C
9

(CH2)7COOH

cis linoleic acid

H
(CH2)7COOH
I 9
H
CH2- C=C
I 12
I
C=C
H
I
CH3(CH2)4
H
trans linoleic acid

Fig. 5-7: Geometric isomers of linoleic acid
ESSENTIAL FATTY ACIDS
Some PUFAs are called essential fatty acids because they must necessarily be supplied
through diet. There are two families of such essential fatty acids, viz., (i) Omega minus
three (notation: -3 or n-3), and (ii) Omega minus six (notation: -6 or n-6).  or n
refers to the methyl end of the fatty acid chain while the accompanying number
refers to the carbon number of the first double bond when counted from the methyl
end. The essential fatty acids start with short chain polyunsaturated fatty acids
(also denoted by SC-PUFA) and consist of linoleic acid (C18:2-6) and -linolenic
acid (C18:3-3). They have absolute requirement in food as they cannot be denovo synthesized (because humans lack desaturase enzyme). SC-PUFA forms the
starting point for the creation of longer and more unsaturated fatty acids, which are
also referred to as long chain polyunsaturated fatty acids (LC-PUFA). LC-PUFA
includes eicosapentaenoic acid (EPA, C20:5-3), docosahexaenoic acid (DHA,
C22:6-3), -linolenic acid (GLA, C18:3-6), dihomo--linolenic acid (DGLA,
C20:3-6), and arachidonic acid (AA, C20:4-6). The biological effects of -3 fatty
acids are largely mediated by their interactions with -6 fatty acids. Essential fatty
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acids have role in anything from dermal integrity, renal function, to reducing
coronary heart diseases. Omission of essential fatty acids in diet therefore leads to
many pathological changes. Some essential fatty acids are used in the synthesis of
pro-inflamatory agents like prostaglandins. The ratio of -3 to -6 fatty acids in
the diet is very important from health point of view. An ideal ratio is taken to be
1:3 to 1:5.
Table 5-2: Monounsaturated fatty acids in selected oils
Formula

Systematic name Common name

M pt, °C Principle source

C10H18O2 9-Decenoic

Caproleic

--

Animal milk fats

C12H22O2 9-Dodecenoic

Lauroleic

--

Animal milk fat

C14H26O2 9-Tetradecenoic

Myristoleic

--

Animal milk fat, sperm
whale oil, Pycanthus
combo fat

C16H30O2 9-Hexadecenoic

Palmitoleic

--

Animal milk fat, marine
oils, seed fats, mink and
beef fats

C18H34O2 9-Octadecenoic

Oleic

14-16

Generally all vegetable
and animal fats

C22H42O2 13-Docosenoic

Erucic

33.5

Cruciferae (mustard
family)

Table 5-3: Polyunsaturated fatty acids in selected oils
Formula

Systematic name

Common name

C18H32O2

cis,cis-9,12Octadecadienoic

Linoleic

C18H30O2

M pt.,°C Principle source
-5

Safflower oil,
sunflower, cottonseed

cis,cis,cis-9,12,15- Linolenic
Octadecatrienoic

-11

Linseed, perilla

C20H32O2

5,8,11,14Ecosatetraenoic

-50

Animal depot fats
and phosphatides of
liver and brain

C22H34O2

4,8,12,15,19Clupanodonic
Docosapentaenoic

Arachidonic

--

Marine oils

REPRESENTATIVE AND SHORTHAND FORMULA OF FATTY ACIDS
The composition of a fatty acid can be described by two numbers separated by a
colon. The first number indicates the total number of carbon atoms in the fatty acid
chain, the second number indicates the number of double bonds. Thus, 4:0 is short
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for butyric acid, 16:0 for palmitic acid, 18:0 for stearic acid, 18:1 for oleic acid, etc.
The two numbers provide a complete description of a saturated fatty acid. For
unsaturated fatty acids, information about the location of double bonds and their
stereo isomers can be given as follows: oleic acid (the cis isomer) is 18:1c9; elaidic
acid (the trans isomer) is 18:1t9. The numbering of carbon atoms in fatty acids
starts with the carboxyl carbon as number one. Similarly, the triunsaturated cis
linolenic acid can be represented by 18:3c(9,12,15).
Another shorthand system for unsaturated fatty acids uses Δ to denote unsaturation.
The position of double bond is shown by superscript. For example, linoleic acid is
represented by C18,9,12, linolenic acid by C18,9,12,15, and arachidonic acid by
C20,5,8,11,14.
Table 5-4: Fatty acid profile and triglyceride composition of selected oil
Fat/oil

Carbon
number

Triglyceride
composition

Coconut

Palm Cottonoil
seed
10:00
7
--12:00
47
--14:00
17
1
1.1
16:00
8
48
27.3
16:01
--1.4
18:00
4
4
3.1
18:01
5
38
16.7
18:02
2
9
50
18:03
---20:00
---20:01
---22:00
---22:01
---Other fatty 8:0=10%
--acids
SSS
79
8.2
0.3
SUS
10.7
34.8
15.5
SSU
8.7
8.7
1
SUU
1.2
37
47
UUS
0
2
1
UUU
-10
36

Soybean
---12
-3.6
23.7
51
8.8
-------7
34
-59

Rape- Sunflower
seed
oil
------3
6
--2
3
22
27
15
64
14
-1
-15
---28
---18
-82
---

--3
25
-72

SSS = triglyceride of saturated fatty acids; UUU = triglyceride of unsaturated fatty
acids; S = saturated; U = unsaturated; SUS, SSU, SUU, UUS refer to mixed
triglyceride.
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In some cases, polyunsaturated fatty acids are numbered starting at the methyl end,
the  (omega) end. For instance, linoleic acid is represented as 18:2-6, linolenic acid 18:3-3, and arachidonic acid as 20:4-6. The number preceding 
refers to the number of double bonds and that following  denotes position of
double bond nearest to methyl end.
NON-GLYCERIDE COMPONENTS OF FATS AND OILS
These components include phosphatides, carbohydrates, protein degradation
products, sterols, triterpene alcohols, fatty alcohols, pigments, tocopherols, and
other natural antioxidants. Some of these non-glyceride components and their
distribution are given in Table 5-5.
Sterols occur in fats and oils in the free form, as esters of the fatty acids (they may
be considered waxes), and as glucosides. Alkali refining of oils (see page 114)
removes a portion of the sterols; hence the soapstock resulting from this operation
constitutes a rich source of sterols. The sterol content of oils may also be
appreciably reduced by high temperature steam deodorization. The characteristic
and predominant sterol of animal fats is cholesterol, C27H46O (Fig. 5-8). It is also
the best known and plentiful sterol. The sterols of vegetable oils are mixtures and
are called phytosterols (Fig. 5-8). Two of the most common phytosterols are βsitosterol, C29H50O, and stigmasterol, C29H48O. The former is widely distributed
and is the principal sterol of cottonseed oil. The latter is the principal sterol of
soybean oil.
Table 5-5: Non-glyceride components of some selected oils
Oil
Soybean
Corn
Cottonseed
Rice
Linseed
Peanut
Sesame
Rapeseed
Wheat germ

Phosphatides content
(%)
1.3 – 3.2
1–2
0.7 – 0.9
0.5
0.3
0.3 – 0.4
0.1
0.1
0.08 – 2.0

Tocopherols content
(total, %)
0.094 – 0.099
0.1
0.11
0.101
0.11
0.036 – 0.052
0.02
---

Sterol content
(%)
0.15 – 3.8
0.58 – 1.0
0.26 – 0.31
0.75
0.37 – 0.42
0.19 – 0.25
0.43 – 0.55
0.35 – 0.5
1.3 – 1.7
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Fig. 5-8: Examples of sterols in fats and oils
TOCOPHEROLS
The tocopherols, the best known and universally distributed antioxidants, constitute
fat soluble vitamin E. The four principal tocopherols are designated α-, -, γ-, and
δ-tocopherols. β- and γ-tocopherols differ from α-tocopherol in having one less
methyl group in the aromatic ring. In β-tocopherol the methyl groups are in the 5th
and 8th positions, and in γ-tocopherol they are in the 7th and 8th positions. δtocopherol has a single methyl group in the 8th position of the aromatic ring (See
also Fig. 8-3, page 163).
Like other antioxidants, the tocopherols are themselves readily oxidizable. Mild
oxidation of - tocopherol opens the heterocyclic ring to form tocoquinone, which
is not an antioxidant. The structure of α-tocopherol is given in Fig. 5-9.
OTHER ANTIOXIDANTS
Some other antioxidants that occur in oil but are not tocopherols are sesamol (from
sesame oil), ferulic acid (from rice bran oil), gossypol (from cottonseed oil), and
squalene (from olive and corn oil). The chemical structures of each of these natural
antioxidants are given in Fig. 5-9.
OH

CH3
HO
H3C

O

CH3
3
CH3 CH
I
I
(CH2)3CH(CH2)3CH(CH2)3CH(CH3)2

CH3

O
CH2
O
sesamol

-tocopherol

CH2O
HO

CH=CHCOOH
Ferulic acid

Fig. 5-9: Some antioxidants from oil (continued….)
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Fig. 5-9: Some antioxidants from oil
SOME EXAMPLES OF COMPOUND LIPIDS
Lecithin
Lecithin is a mixture of various phospholipids obtained by degumming crude oil.
The composition depends on the origin of the lecithin. A major source of lecithin is
soybean oil and sunflower oil. The main phospholipids in soy and sunflower
lecithins are phosphatidyl choline, phosphatidyl inositol, phosphatidyl
ethanolamine, and phosphatidic acid. Phospholipids are termed amphipathic
compounds because they possess both polar and non-polar functions. Some
examples of lecithin are given in Fig. 5-10.
Compound
3-sn-Phosphatidyl choline (lecithin)
1
2

CH2OCO R1

R2 COOCH

O
3
CH2O P O-X
O

Basic structure of
phospholipid

Side chain X
+
CH2CH2N(CH3)3

3-sn-Phosphatidyl ethanolamine (cephalin)

+
CH2CH2NH3

3-sn-Phosphatidyl serine (cephalin)

+
CH2CHNH3
COO

R = oleic or palmitic; sn implies Stereospecific Numbering

Fig. 5-10: Some plant phospholipids
Lecithins have a number of technological uses. In margarines, especially those
containing high levels of fat (>75%), lecithin is added as 'anti-spattering' agent: it
helps in suppressing spattering during shallow frying. Lecithin is admitted by the
EU as a food additive. In whole milk powder, lecithin is used for uniform
distribution of milk fat.
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CLASSIFICATION OF FATS AND OILS
Fats and oils can be classified on various bases, e.g., based on source, fatty acid
make up, group characteristics, etc. Some commonly mentioned classes are
described in the paragraphs to follow.
1. ANIMAL DEPOT FATS
The extracted fats are termed lard (edible grade, mainly from pig) and tallow
(inedible grade, mainly from other animals). They contain mainly palmitic-, oleic-,
and stearic acid and are high in saturated fatty acids (up to 60%).
2. RUMINANT MILK FAT
They are characterized by a much greater variety of component fatty acids but C4C10 saturated fatty acids are present in dominant amounts.
3. MARINE OILS
They are high in PUFAs, C20-C22 in particular. Eicosapentaenoic acid (EPA,
20:53) and docosahexaenoic acid (DHA, 22:63) have great biomedical
functions and are promoted for the health of eyes.
4. FRUIT COAT FATS
Contain mainly palmitic, oleic, and sometimes linoleic acid, e.g., palm oil
5. SEED OIL
They are characterized by large amounts of unsaturated fatty acids, particularly
oleic, linoleic, and linolenic acid. Rapeseed oil may contain as much as 40% of
erucic acid (C22:1)
6. MICROBIAL FATS AND OILS
These fats can have highly variable composition. The organisms are generally
developed to produce fats and oils with novel properties.
7. LAURIC OILS
These oils have large amounts of C8-C14 fatty acids with lauric acid (C12:0) as the
dominant fatty acid. Typical examples include coconut oil and palm kernel oil.
They are highly saturated but have low melting points because of the short fatty
acid chains
8. OLEIC-LINOLEIC OILS
These include most seed oils (Table 5-7). Soybeans, sunflower, safflower,
cottonseed, etc., are rich in linoleic acid and contain appreciable amounts of oleic
acid. Palmolein and olive oil contain large amounts of oleic acid.
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9. LINOLENIC OILS
These include oils that contain large amounts of linolenic acid, the most important
example of which is linseed oil (> 40% linolenic acid). They also contain appreciable
amounts of other mono- and diunsaturated fatty acids, mostly of C18 group.
10. DRYING, NON-DRYING, AND SEMI-DRYING OILS
The classification is basically based on the amount of fatty acids with
triunsaturation or above. Linseed oil is a drying oil whereas soybean and rapeseed
oils are semi-drying oils. Olive oil is a non-drying oil. Drying oils polymerize on
long term storage due to heavy unsaturation and thus become gummy. Such oils are
unsuitable for consumption but may find a number of industrial uses. For example,
linseed is used in the preparation of varnishes, linoleum, high quality automobile
brakes, etc.
OILSEEDS AND OIL-BEARING FRUITS
Plants that give large amounts of oil are called oleaginous plants. Most vegetable
oils are derived from oilseeds (soybeans, peanuts, sunflower, sesame, rapeseed,
safflower, cottonseed, etc., Table 5-7). Some oils are derived from fruits, some
examples of which appear in Table 5-6.
Table 5-6: Some fruits and their oil contents
Fruit
Avocado
Pecan
Walnut
Palm
Coconut

Oil content (gram per 100 gram)
20
73
64
40
68 (of copra that with 2.5% moisture)

Oils are sometimes obtained from non-oleaginous seeds, for example, maize- and
wheat germs. These oils are by-products of starch manufacture and wheat flour,
respectively.
Table 5-7: Some oilseeds and their oil contents
Common name
Sesame
Ground nut (Peanut)
Soybean
Sunflower
Mustard
Linseed

Scientific name
Oil content (%, wet basis)
Sesamum indicum
50
Arachis hypogaea
43-48
Glycine max
20
Helianthus annunus
22-25
Brassica juncea
24-36
Linum usitatissimum
36-40
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PHYSICOCHEMICAL PROPERTIES OF OIL
Physicochemical properties of fats and oils are often used to identify them. Usually
more than one property is measured so that the identification can be made with
some assurance since natural fats and oils vary somewhat in their properties. Their
composition is not constant but varies slightly with climate, soil, and variety for
vegetable oils; and with nutrition, season, and breed for animal oils. Some of the
common physicochemical properties used for identifying fats and oils along with
their typical values are given in Table 5-8.
PHYSICAL PROPERTIES
Some of the physical properties of importance are melting point; specific gravity;
refractive index; smoke, flash, and fire points; and turbidity point.
Table 5-8: Physicochemical properties of selected oils
Property
Sp grav, 15°C/15°C
M pt, °C
Sap value
Unsap matter, %, max
Iodine value
RM value
Tocopherol, mg/100g

Coconut
0.926
23 to 26
250 (min)
-7-10
6.6-7.5
60-80

Fat/oil
Palm oil Cottonseed Soybean Mustard
0.924
0.923
0.926
0.918
38 to 45 12 to -13 -10 to -16
-196-205
190-198
189-195 170-184
1.2
1.5
1.5
1.3
48-56
98-112
120-141 94-105
0.9-1.9
0.95
0.5-2.8
--260
90-380
--

1. MELTING POINT
Fats do not melt sharply because they contain different types of fatty acids with
different melting points. Melting point of fat increases with an increase in the
degree of saturation and chain length of fatty acid. Unsaturated bonds produce
kinks in the fatty acid chain and therefore allow very loose molecular packing. This
facilitates faster slipping away of molecules, thereby resulting in low melting point.
Melting point also depends on isomeric forms and polymorphism in fatty acids.
Trans isomers of fatty acids (that usually form during hydrogenation process) have
higher melting point because the chains are less kinked.
Polymorphism in fats and oils refers to existence of more than one crystalline form
of fatty acid or glyceride. Three such polymorphic forms, viz., alpha (), beta
prime (′) and beta () have been identified. Polymorphism results from different
patterns of molecular packing in fat crystals. A comparison of the three
polymorphs is as follows:
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Polymorph
Alpha ()
Beta ()
Beta prime (′)

Crystal size
5m
20-50m
1-2m

Melting point
Lowest
Highest
Intermediate

Stability
Least stable
Most stable
Intermediate

The stability of fat is related to the polymorphic form and the associated melting
point. The melting points of -, ′-, and  forms of tristearin are 55°C, 64°C, and
73°C, respectively. Polymorphic transformations occur from  to ′ and then to 
and are irreversible. When fat is cooled rapidly the  polymorph is produced,
which is usually quickly converted to the ′ form. These polymorphic forms also
affect the appearance and texture of fat. ′ form gives a smooth texture whereas 
form results in very coarse granules. It is therefore very important to control the
balance of polymorphic forms in the production of fat and fatty foods like
margarine (needs ′ form), ghee (needs  form), etc.
Because of the reasons described above, melting point as such is not very reliable
for establishing identity of the fat and oil. However, it is extensively used in
controlling process operation (e.g., hydrogenation), quality control, and
determining suitability of fat for a particular purpose.
The methods used for the determination of melting point vary considerably. A
typical method used in vanaspati manufacture is the capillary slip technique. A
capillary (with open ends) is dipped in a melted fat so that the fat rises to 1cm. The
fat is then solidified by rubbing on an ice slab for few minutes. The surface is
wiped with a tissue paper and the capillary clamped against the mercury bulb of the
thermometer. The whole is then submerged in cold water bath in a Theile tube (see
Fig. 5-11).

Thermometer
Capillary

Rubber band

Heat source
Fat

Theile tube
Chilled water

Fig. 5-11: Arrangement for melting point determination of fat
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Heat is gently applied from the side-arm of the tube to affect very slow convective
heat transfer. The rise in temperature is noted from the thermometer. As the fat
approaches its melting point the fat column in the capillary gradually changes from
opaque to translucent to transparent and finally slips up at a particular temperature.
This temperature is the melting point of the fat.
2. THE SLIPPING POINT
This test is closely related to melting point determination. The test uses small brass
cylinders for packing the solid fat. The packed column is suspended in water bath
close to thermometer. As the bath is stirred, the temperature is slowly raised. The
point at which the fat rises in the cylinder, or slips, is recorded as the slip point.
The test is not as useful as melting point.
3. THE SHOT MELTING POINT
Shot melting point is the temperature (of the fat?) at which a small lead shot will
fall through a sample. This method has some usefulness.
4. SPECIFIC GRAVITY
The specific gravities of fats and oils do not vary a great deal. In general, either
unsaturation of the fatty acid chains or increase in chain length of the fatty acid
residues tends to increase the specific gravity. Specific gravity is carried out by
usual method at 25°C for oils and 40-60°C for high-melting fats.
5. REFRACTIVE INDEX
The measurement of refractive indices of fats and oils is a routine activity in fat
and oil industry. It is used for the identification of fats and testing of their purity.
The test is very rapid and accurate. An instrument called Abbe′ refractometer with
temperature control is used and the measurement is usually done at 25°C. With
high-melting fats, 40-60°C can be used. The index of refraction decreases as the
temperature rises; however, it increases with increase in the length of the carbon
chains and also with the number of double bonds present.
6. SMOKE, FLASH, AND FIRE POINTS
The smoke point is the temperature at which a fat or oil gives off a thin bluish
smoke. It is measured by a standard method in an open dish specified by ASTM
(American Society for Testing Materials) so that the evolution of smoke can be
readily seen and reproduced. The flash point is the temperature at which the
mixtures of vapor with air will ignite; the fire point is the temperature at which the
substance will sustain continued combustion.
For a given sample of oil or fat, the temperature is progressively higher for the
smoke point, flash point, and fire point. The flash point decreases with increase in
free fatty acid content in oil and a decrease in chain length. The test is useful in
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connection with fats used for any kind of frying. For example, the smoke-, flash-,
and fire points of refined soybean oil are 200°C, 298°C, and 335°C, respectively.
7. TURBIDITY POINT
The turbidity point of an oil is determined by cooling a mixture of it and a solvent
in which it has a limited solubility. The mixture is warmed until complete solution
occurs and then slowly cooled until the oil begins to separate and turbidity occurs.
The temperature at which turbidity is first detectable is known as the turbidity point.
The test is useful in differentiation of some oils and in the detection of adulteration.
Crismer test is the most widely used turbidity point test and it uses methyl alcohol
as the solvent. The test is affected by the amount of free fatty acids (FFA) and a
correction factor must be introduced for these acids. As an example, soybean oil
with 1.2% FFA shows a Crismer value of 65. After correction, the value becomes
67. Rapeseed has a Crismer value of 83.3 and so can be easily differentiated from
soybean oil.
CHEMICAL PROPERTIES
A number of chemical tests are used for establishing the identity of fat and oil.
Some of the most widely used tests are Iodine Number, Saponification Number,
Reichert-Meissl Number, Polenske Number, Acetyl Number, Kirschner Value, and
Thiocyanogen number.
1. IODINE VALUE
Iodine value is number of grams of iodine absorbed by 100g of fat or oil. The
double bonds present in the unsaturated fatty acids react readily with iodine or
certain iodine compounds to form an addition compound even while the fatty acid
is combined with glycerol in the fat. The iodine number is therefore a measure of
the extent of unsaturation of the fatty acids present in a fat. Iodine value is of great
value in identifying fats and oils and also in oil hydrogenation plants.
There are several modifications of the methods for determining iodine value. Wij’s
method is universally used. In this method, 0.1-0.5g of fat sample is dissolved in
carbon tetrachloride or chloroform and reacted with excess of Wij’s iodine solution.
After standing in the dark for half an hour, the excess, unreacted iodine is measured
by thiosulfate titration.
2. ACETYL VALUE
The acetyl value is a measure of the amount of hydroxyl fatty acids present in fat.
Castor oil is rich in ricinoleic acid, C17H32(OH)COOH, and the determination is of
value for this and a few other oils. Most edible oils and fats contain only very small
amounts or no hydroxyl fatty acids.
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3. REICHERT-MEISSL NUMBER, POLENSKE NUMBER, AND KIRSCHNER
VALUE
Reichert-Meissl Number (RM value) is defined as the number of milliliters of 0.1N
alkali (such as potassium hydroxide) required to neutralize the volatile, watersoluble fatty acids in a 5g sample of fat. The volatile acids will be those in the
range of molecular weights from butyric (C4) to myristic (C14) acid. The RM test
determines the amount of butyric and caproic acids which are readily soluble in
water and caprylic and capric acid which are slightly soluble. The Polenske
Number is the number of milliliters of 0.1N alkali necessary to neutralize the
volatile, water-insoluble fatty acids which are present in a 5g sample. These two
determinations are readily run on the same sample of fat and the Kirschner Value,
described below, also can be carried out on the same sample.
Fat

NaOH

glycerol
+
H2SO4
sodium
soaps

Na2SO4
+
distil
free fatty
acids

soluble
(C4 and C6)
volatile acids
C4-C14
insoluble
(C8 to C14)

Fig. 5-12: Summary of RM, Polenske, and Kirschner value determination
A 5g sample of fat is saponified either with alcoholic NaOH or NaOH in glycerol.
If alcohol is used, it must be removed by evaporation before the fatty acids are
neutralized. The saponified mixture is neutralized with H2SO4 and then distilled.
On the condensation of the distillate the insoluble fatty acids precipitate. The
distillate is filtered, an aliquot of the filtrate is titrated with standard KOH or NaOH
and the RM number calculated. The condenser, receiver, and filter paper are
washed with water, and alcohol. This solution is titrated with standard alkali and
the Polenske number calculated.
All of these determinations are particularly valuable in differentiating butter from
coconut oil and in detecting adulteration of butter or the substitution of fat mixtures
with the physical constants similar to butter. Only a small number of oils contain
appreciable amounts of volatile fatty acids. The RM number is particularly
valuable in detecting adulteration in butter. Butter has very high RM value (24-34),
depending on the lactation cycle, time, feed, breed, etc.
The chief volatile, water-soluble fatty acid in butter is butyric acid. This is
determined by the Kirschner value which measures the potential amount of soluble
silver salts in the RM distillate. Silver butyrate is soluble in water while the silver
salts of the other volatile, water-soluble fatty acids are relatively insoluble. The
neutralized distillate from the RM determination is treated with silver sulfate and
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filtered. The filtrate is acidified with sulfuric acid and distilled. The distillate is
carefully collected and titrated with 0.1N alkali. Kirschner value is calculated from
the following equation:
Kirschner value 

A ×121(100 + B)
10,000

Where:
A = corrected Kirschner titration
B = ml of alkali needed to neutralize the 100ml distillate from RM determination
The equation results from the fact that the quantity of distillate collected from 5g
sample in the RM (first) distillation is 110ml while 100ml is titrated, and likewise
in the Kirschner (second) distillation. Butter gives a Kirschner value of 19-26,
coconut oil approximately 1.9, palm kernel around 1, and other fats and oils
between 0.1 and 0.2. Butter is therefore remarkable for the large amount of butyric
acid present in it, ant it can be identified on this basis.
4. SAPONIFICATION NUMBER
The saponification number (the Koettstorfer number) is defined as the number of
milligrams of potassium hydroxide required to saponify 1g of fat or oil. About 2g
of fat is refluxed with an excess of alcoholic KOH until the fat has completely
saponified. The amount of KOH consumed can be determined by titrating the
excess KOH with standard HCl.
Saponification number is an important test for identity of fat/oil and also for
detecting adulteration. The number is inversely proportional to the average chain
length of fatty acids and hence gives an idea about the average molecular weight of
fatty acids. Very high saponification number implies preponderance of fatty acids
with very short chains (very low molecular weights).
MANUFACTURE OF EDIBLE OILS
Edible oils can be obtained from oilseeds, nuts, oil-containing fruits (e.g., palm),
oil-containing germs, bran, and animal or marine fats. The extraction of fats from
each of these sources is quite different. For example:
Animal fat: A technique called rendering is used. This entails heating (moist heat
or dry heat) of fatty tissues to liberate fat.
Oilseeds and nuts: The oil is usually extracted by mechanical expellers. Expellers
can extract 90-95% of the oil in the seed.
Oil cakes, bran, etc.: Solvent extraction is the most preferred method. Hexane is
industrially used as the solvent.
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Palm fruits: A technique called hot water extraction is employed. The fruit is
macerated in hot water and the oil that separates out can be recovered by settling or
centrifugation methods.
OIL EXTRACTION BY SCREW PRESS
The process of oil extraction from an oilseed can be exemplified by a typical screw
press system as follows: The oilseed is first freed from dirt, sand, and metal pieces.
Depending on the oilseed type, shell or the seed coat is removed in an operation
called decortication. For large seeds, e.g., soybeans, size reduction and
conditioning (treatment with steam to rupture oil-bearing cells) becomes essential.
The prepared material is then fed in a screw press of the type shown in Fig. 5-13.
The process is suitable for oilseeds with more than 25% oil content.
Oilseed

Hopper

Worm shaft

Cage

Oil

Fig. 5-13: Principle of extraction by screw press
As the worm rotates, the oil is pressed and conveyed simultaneously. The oil
comes out through the cage while the cake leaves through a narrow concentric
opening at the end of the worm shaft.
This crude oil is rested for some days to settle the mucilages and moisture.
Thereafter it is strained in muslin cloth or filter press.
SOLVENT EXTRACTION
Hexane is the most widely used solvent. Solvent extraction is usually taken as a
second-stage oil recovery process after most of the oil has been extracted by
mechanical expellers. Materials containing low amounts of oils, such as oilseed
cake (meal) and rice bran are suitable for solvent extraction.
Fig. 5-14 shows the working principle of a typical basket extractor. Several
perforated baskets are attached to a chain and they travel in a closed loop. The
baskets continuously receive feed on the down-coming side of the chain at the top.
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As the baskets move down, hot solvent, usually half-miscella of hexane, is cocurrently sprayed over them. The mixture of solvent plus the extracted oil that
collects at the bottom in this co-current cycle is called full-miscella. As the baskets
move up, the partially exhausted feed receives counter-current spray of fresh
solvent. The mixture of solvent plus extracted oil that collects at the bottom is
called half-miscella and this is recycled for co-current extraction. Near the top of
this counter-current cycle, the basket is inverted and the oil-free cake falls on to a
container. This cake is then sent out through a screw conveyor.
Full-miscella is heated separately to recover and recycle the solvent. The oil
portion is treated with steam to strip off the residual solvent. The cake contains less
than 1% oil.
Feed

fresh solvent

half miscella
(recycled)

Cake

basket

full miscella (for oil recovery)

Fig. 5-14: Schematic diagram of solvent extraction
EXTRACTION OF ANIMAL FAT
Animal fats are extracted by a process termed rendering (also called trying), which
refers to removal of fat from animal tissue by heat. During rendering, fat cells are
ruptured, expelled, and water evaporated. The accompanying connectives tissues
are separated as solid residue (called cracklings). Rendering can be done by two
methods, viz., (i) dry rendering, and (ii) wet rendering.
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1. WET RENDERING
Wet rendered fat is superior to dry rendered counterpart. Depending on the quality,
the rendered fat can be employed for either edible or inedible purpose.
In general, the fatty tissue is chopped and digested in an autoclave at 120-130°C.
The fat that separates out from the disintegrated tissue is collected and the water
removed by centrifugation and evaporation. The fat (lard) is usually further
processed to remove color, free fatty acids, and unwanted odor.
2. DRY RENDERING
Dry rendering involves cooking of meat scraps under vacuum in steam-jacketed
kettles. The heat is transferred indirectly by conduction. The heat and pressure
gradients that develop inside the vessel cause fat to leach out. These also lead to
denaturation of proteins and removal of water. The fat is finally freed from residual
water by evaporation and processed further (as in wet rendering).
PRODUCTION OF WINTERIZED AND HYDROGENATED OIL
WINTERIZATION
Winterization is a form of fractionation process wherein oils are cooled to remove
the small quantities of solid fat fractions (e.g., stearine) that would normally cloud
when oil that is in liquid form at room temperature is held at refrigerator
temperatures. Winterized oils are prepared for use as salad oils.
Winterization process is conducted in large vessels with slow stirring and
controlled rate of cooling to promote formation of crystals of solid fat, which is
subsequently removed by filtration.
HYDROGENATION
Hydrogenation of fats and oils refers to conversion of unsaturated liquid oil into
saturated or partially saturated plastic fat by catalytic addition of hydrogen.
Hydrogenation is done to modify the oil to suit to a range of food uses, e.g., for
margarine, for deep frying, for shortening in biscuit industry, etc. Hydrogenation
also lengthens the shelf life of the fat by reducing unsaturation. Unsaturated fats
and oils are very susceptible to spoilage called rancidity.
The most widely used catalyst is nickel. Industrial nickel catalysts are available in
various forms and have a wide range of selectivity. Nickel absorbs significant
amounts of hydrogen. Under correct condition of temperature and pressure, the
absorbed hydrogen is delivered to unsaturated part of the fatty acid. The most
unsaturated fatty acid will be the first to receive hydrogen. Thus, in a mixture of
oleic, linoleic, and linolenic acid, the selectivity is as follows:
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Linolenic acid > Linoleic acid > Oleic acid
This implies that linolenic acid is hydrogenated first to linoleic acid, thereafter
linoleic acid to oleic acid, and finally oleic acid to stearic acid.
Hydrogenation involves reaction among components in different phases. The
catalyst is in solid phase, oil in liquid phase, and hydrogen in gaseous phase. The
hydrogenation chemistry is:
Hydrogen gas
-CH2-CH=CH-CH2

Pressure = 15 psig
Temp = 150oC

unsaturated
part of fatty acid

-CH2-CH2-CH2-CH2saturated fatty acid

Nickel catalyst, which is used at the rate of around 0.05% in the industrial
hydrogenation, also has the ability to strip hydrogen from fatty acids and when this
happens, migration of double bonds occur thereby giving rise to positional isomers.
A scheme is shown in Fig. 5-15.
-CH2-CH2-CH=CH-CH2-CH2-CH2- (double bond in position 9)
9

8

7

6

hydrogenation
H*

H*

-CH2-CH2-CH-CH-CH2-CH29

8

7

6

dehydrogenation
H* H*
-CH2-CH2-CH-CH-CH=CH9

8

7

(double bond in position 6)

6

H* = hydrogen donated through nickel catalyst

Fig. 5-15: Migration of double bonds during hydrogenation
In industrial hydrogenation, some trans isomerization also takes place. The most
dominant isomerization is the formation of trans oleic acid (also called isooleic
acid). Formation of isooleic acid leads to increase in melting point without
consumption of hydrogen. Oleic acid has a melting point of about 16°C but
isooleic acid melts at around 40°C. Isooleic formation is promoted by use of spent
catalyst (recycled catalyst).
Hydrogenation occurs only after the mixture is heated to around 150°C. Thereafter
an exothermic reaction ensues and the reactor has to be intermittently cooled to
control the reaction temperature. A batch hydrogenation equipment, usually called
autoclave, is shown in Fig. 5-16. A summary of vanaspati and RBD oil production
steps is given in Fig. 5-17.
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Gear and motor
To vacuum
Oil charge

Steam in/Cooling water out
Baffle
Oil
Impeller
Shaft
Heat exchanging coil
Steam out/Cooling water in
Hydrogen gas
Sampling point
Hydrogenated oil out

Fig. 5-16: Batch retort (autoclave or hardening machine) for hydrogenation of oil
Phosphorus and sulfur compounds, free fatty acids, and residual soap (due to
inadequate washing after neutralization) have a poisoning effect on nickel catalyst.
It is therefore necessary to ensure that the oil is free from these substances.
Hydrogenation is carried out in batch or continuous mode but the oil must be
refined and bleached beforehand. Refining in this context refers to removal of free
fatty acids and gummy substances. Fatty acids can be removed either by
neutralization with alkali (chemical refining, see page 114) or by steam distillation
(physical refining). Bleaching refers to removal of pigments such as carotenoids,
xanthophylls, etc., present in the oil. This is done by heating oil to around 100°C
under vacuum with about 1.25% of bleaching earth and 0.125% of activated carbon.
Physical refining is simply a steam-distillation (similar to deodorizer, page 94). A
combination of live steam injection and vacuum is used, which helps strip away the
fatty acids that have low molecular weights compared to intact glycerides.
Some additional steps are required for vanaspati (hydrogenated vegetable oil)
production after the actual hydrogenation. They are post bleaching (similar to
bleaching described earlier), deodorization, churning (mixing of vitamin A & D
premix and sesame oil at around 70°C), packaging, and chilling in cold room for
setting and granulation.
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PRODUCTION OF REFINED OIL
Crude oil contains impurities such as gums, mucilage, phosphatides, pigments,
glycerol, fatty acids, etc., that must be removed before consumption. The
purification steps normally involve refining, bleaching, and deodorization.
1. REFINING
Refining of edible oils refers to removal of free fatty acids, gums and mucilage
from oil. Gums are usually removed by mixing a small amount of aqueous solution
of phosphoric acid in the oil. The normal technique of refining involves treatment
of warm oil with caustic soda of some strength (the strength is dependent on the
initial FFA content of the oil and is normally between 14-25%). Free fatty acids
react with NaOH to form soap, which eventually settles down at the bottom of the
neutralizing tank. The tank has a nominal capacity of 10 MT. The gums and
mucilage also settle down, entrapped in the soap. After resting for a few hours, the
soap is drained away. The oil is then repeatedly washed with hot water until the oil
is free from residual soap and alkali.
CRUDE OIL
Neutralization
Pre-bleaching

Vitamin A & D premix

Hydrogenation

Deodorization

Post-bleaching

Packaging

Deodorization

RBD oil

Churning

Sesame oil

Packaging
Chilling
VANASPATI

Fig. 5-17: Summary of vanaspati and RBD oil production steps
2. BLEACHING
The washed oil is taken to a vessel called bleacher, which operates under vacuum.
Here, the oil is heated to somewhere around 100°C, dried, and bleaching earth and
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activated carbon added at the rate of 0.5-1.5%. The carbon and the bleaching earth
remove the pigments from the oil and render it light-colored. The mixture is now
filtered in plate-and-frame filter to remove the earth and carbon.
3. DEODORIZATION
The bleached oil may still contain significant amounts of odor compounds. The oil
is therefore next passed to deodorizer. The deodorizer is a vessel that operates
under vacuum and uses live steam for stripping the odor from the oil. The
temperature is kept above 200°C and pressure as low as possible (about 5 mm of
Hg). The live steam issuing into the vessel (at a pressure >200 psig) from the
bottom helps strip the volatile compounds and the vacuum that is constantly
maintained helps immediate removal of the latter. After deodorization, the oil is
cooled to around 90°C and filtered into storage tanks. The oil is now ready for
packaging as Refined Bleached and Deodorized (RBD) oil. See Fig. 5-18 for the
schematics of RBD oil production.
To vacuum
DEODORIZER
BLEACHER
To vacuum
Filter press

NEUTRALIZER

S/W

S/W

Catchall
Filter press
Fatty
acids

S/W

W/S

W/S

W/S

Live
steam
Soapstock
and
wash-water NEUTRAL
OIL

BLEACHED
OIL

W/S

Water in / Steam out

RBD OIL

S/W

Steam in / Water out

Fig. 5-18: Schematics of RBD oil production
RANCIDITY IN FATS AND OILS
When fats and oils are stored, they undergo flavor changes which markedly
influence their market value. Rancidity is probably the single most important
quality of fats and oils (or fatty products) that has received a great deal of attention.
Rancidity can be said to be the subjective organoleptic appraisal of the off-flavor
quality of food. Rancid off-flavors are concerned with the changes that result from
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reaction with atmospheric oxygen (that is, oxidative rancidity), or by hydrolytic
reactions (catalyzed by lipases from food or from microorganisms). Thus, there are
two principal types of rancidity, namely: (i) Oxidative rancidity, and (ii) Hydrolytic
rancidity.
Some authors sometimes include a third type of rancidity, namely, (iii) Ketonic
rancidity. Ketonic rancidity results from the odorous metabolic ketones produced
by the microorganism(s) growing in the fatty food, for example, cheese. This
rancidity is sometimes desirable, as in the case of Roquefort cheese (a moldripened cheese). In other instances, it is objectionable. This rancidity rarely occurs
in properly processed and packaged foods.
The off flavors can also be caused by taints arising by absorption or contamination,
in which case lipids act as good reservoirs. The effects of hydrolytic reactions and
absorption can be minimized by cold storage, good transportation, careful
packaging, and sterilization. However, since oxidative rancidity is a chemical
reaction with a low activation energy, the rate of this reaction is not significantly
lowered by lowering the temperature of food storage.
(I) OXIDATIVE RANCIDITY
Oxidative rancidity refers to formation of off-flavor oxidation products due to
autoxidation or peroxidation. Although autoxidation literally means oxidation of
certain substances that occurs at normal temperatures as a result of contact with air,
fat autoxidation designates a complex set of reactions which result in the fixation
of oxygen by lipids. It shows complex autocatalytic behavior and involves a
number of interrelated reactions of intermediates.
Unsaturated bonds in fatty acids play a central role in autoxidation because they are
very prone to attack by oxygen to form peroxides, which later on break down into
odor components. Foods containing such components not only have poor sensory
quality but are also shown to be unhealthful. In foods, autoxidation is primarily
concerned with oleic, linoleic, and linolenic acids because these are the most
abundant unsaturated fatty acids.
The first product of oxidation is an intermediate, which in itself is odorless, but
which breaks down to smaller molecules which do produce the off flavor. The
formation of intermediate can occur by one of three mechanisms listed below, or
some combinations:
1. Classical free radical mechanism, which can occur in the dark
2. Photo-oxidation mechanism, which is initiated by exposure to light
3. Enzymatic route, which utilizes lipoxygenase enzymes
The intermediate of all the routes is a lipid hydroperoxide. Oxidation destroys
essential fatty acids and produces toxic compounds and oxidized polymers.
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1. THE CLASSICAL FREE RADICAL ROUTE
This oxidation is induced by prooxidants such as metal ions, light, etc. Copper and
iron contents as low as 0.01 and 0.03ppm (respectively) are sufficient to catalyze
oxidation. The course of oxidation is marked by a slow period of oxygen uptake
called induction period, followed by a much more rapid propagation period. The
absorption of oxygen is faster in the propagation period (Fig. 5-19).
The autoxidation reaction can be divided into the following three parts: (i) initiation,
(ii) propagation, and (iii) termination. In the initiation part, hydrogen is abstracted
from the fatty acid to yield a free radical. The event requires prooxidants (initiator).
Initiation:

RH

Prooxidant

R* + H*

Where, RH represents a fatty acid molecule.
The removal of hydrogen takes place at the carbon atom next to the double bond
under the influence of prooxidants. The removal of hydrogen between the double
bonds requires less energy and hence is favorable. In linoleic acid, the fatty acid is
changed to trans form (more stable) and the double bond shifts to yield conjugation.
Once a free radical has been formed, a chain reaction defining the propagation
phase ensues. The free radical will combine with oxygen to form a peroxy-free
radical (RO2*) which can in turn abstract hydrogen from another unsaturated
molecule to yield a hydroperoxide (ROOH) and a new free radical, thus starting the
propagation chain. The free radical R* will further react with oxygen to form a
lipid peroxy radical RO2*, which will again react with fat molecule to give a
hydroperoxide ROOH and a free radical R*. The free radical produced at this stage
makes the reaction a self-propagating chain process.
Propagation:

R* + O2
RO2* + RH

RO2*
ROOH + R*

The self-propagating chain can be stopped by termination reactions, where two
radicals combine to give products which do not feed the propagating reactions as
shown above. The reactions of the free radicals among themselves to yield nonreactive products are shown below:
Termination:

R* + R*

R -- R

R* + RO2*

RO2R

nRO2*

(RO2)n

Stable products

The hydroperoxides are very unstable and are rapidly broken down into various
end products such as aldehydes, alcohols, and hydrocarbons. These end products
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are responsible for the rancid character of the food. Hydroperoxide formation in the
autoxidation of linoleic acid is given in Fig. 5-20(a).
Some examples of aldehydes generated from oxidation of oleic, linoleic, linolenic,
and arachidonic acid are:
Fatty acid
Oleic acid
Linoleic acid
Linolenic acid
Arachidonic acid

Aldehyde
octanal, 2-decenal, nonanal
hexanal, 2-octenal, 2,4-decadienal,
propanol, 2-pentenal, 2,4-heptadienal, 3-hexenal, 2,5-octadienal
hexanal, 2-octenal, 2,4-decadienal, 3-nonenal

Induction
period

Free Radical
Propagation

Free Radical
Termination Phase

Free Radical
Initiation
Phase

Peroxide
Formation
Phase

Peroxide
Stabilization

Peroxide
Decomposition
Phase

0
Time (hours)

Fig. 5-19: Peroxide formation and decomposition as a function of time
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Fig. 5-20 (a): Autoxidation of linoleic acid by classical free radical route
2. PHOTOOXIDATION
Photooxidation or light-induced oxidation results from the reactivity of an excited
state of oxygen, known as singlet oxygen (1O2). Ground-state or normal oxygen is
triplet oxygen (3O2), which is converted to a very reactive singlet state (1,500 times
more reactive than the ground state) under the influence sensitizer molecules. The
sensitizer is activated by light, and can then either react directly with the substrate
(Type I sensitizer) or activate oxygen to the singlet state (Type II sensitizer). In
both cases unsaturated fatty acid residues are converted into hydroperoxides. The
light can be from the visible or ultraviolet region of the spectrum.
Compounds that can act as sensitizers are widely occurring food components,
including chlorophyll, myoglobin, riboflavin, and heavy metals. Most of these
compounds promote Type II oxidation reactions. In these reactions the sensitizer is
transformed into the activated state by light. The activated sensitizer then reacts
with oxygen to produce singlet oxygen.

sen 
 sen *

sen * + 3 O2 
 sen +1 O 2

Where, sen and sen* refer to normal and activated sensitizer molecules. The singlet
oxygen can react directly with unsaturated fatty acids.
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O 2 +RH 
 ROOH

Where, RH represents an unsaturated fatty acid and ROOH represents the
corresponding hydroperoxide.
The singlet oxygen can react directly with the double bond by addition, and shifts
the double bond one carbon away. The singlet oxygen attack on linoleate produces
four hydroperoxides as shown in Fig. 5-20 (b). Photooxidation has no induction
period, but the reaction can be quenched by carotenoids that effectively compete
for the singlet oxygen and bring it back to the ground state.
3. ENZYMATIC ROUTE
The enzyme lipoxygenase has been implicated for enzymatic oxidation of fats. Note
that lipoxygenase is different from the hydrolytic enzyme lipase. Lipoxygenases are
linoleic acid oxygen oxidoreductase and are ubiquitous in vegetable and animal
cells. They catalyze the oxidation of linoleic acids into the hydroperoxides, as
happens during autoxidation, but will not oxidize with oleic acid.
Lipoxygenases are metalloproteins with a Fe atom in its active center. The
enzymes are activated by hydroperoxide and the reaction pathway always includes
the migration of one double bond in order to yield a conjugated system, which is
normally a hydroperoxide. The reaction can be initiated even in the absence of
hydroperoxides and can proceed at low temperature and dark environment.
(CH2)COOH

CH3(CH2)4

OOH
1O
2

O
(CH2)COOH CH3(CH2)4
(CH2)COOH
H O
Conjugated

CH3(CH2)4

OOH
1O
2

O
O H (CH2)COOH

CH3(CH2)4

CH3(CH2)4
(CH2)COOH
Non-conjugated
OOH

1O
2

CH3(CH2)4

O
H O

(CH2)COOH

CH3(CH2)4
(CH2)COOH
Non-conjugated
OOH

1O
2

O
CH3(CH2)4 O H

(CH2)COOH

CH3(CH2)4 Conjugated (CH2)COOH

Fig. 5-20 (b): Photooxidation
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At least two fundamentally different types of lipoxygenase enzymes exist in plants,
viz., Type I and Type II lipoxygenase. Type I lipoxygenases are found in peanuts
and they oxidize only free fatty acids.
Type II lipoxygenases are found in soybeans. They can oxidize both free fatty acids
and glyceryl esters. These enzymes will also oxidize carotenoids and chlorophyll
and thus degrade them to colorless products, a property used in flour bleaching.
(II) HYDROLYTIC RANCIDITY
Hydrolytic rancidity occurs in oils of lauric group (coconut oil group) and dairy
fats. The reaction does not use oxygen but is favored by moisture and temperature.
The basic reaction that takes place is the hydrolysis of fat into low molecular
weight fatty acids, which are responsible for the characteristic rancid flavor, e.g.,
goaty and soapy flavor due to C4-C8 and C10-C12 fatty acids, respectively. The main
agents bringing about this reaction are the endogenous (of the oil itself)- and
microbial lipolytic enzymes.
ANTIOXIDANTS
Control of rancidity in fats and oils is mainly focused on rancidity due to
autoxidation, arising from free radical route in particular. Oxidative rancidity of oil
can be checked by adopting several preventive measures, such as minimizing
exposure of the product to catalysts like light, oxygen and metals; maintaining
sanitation; selecting good quality product; and using chain-breaking antioxidants
which can interfere with either initiation or chain propagation. The antioxidants
work by blocking the reaction and their use is fruitful only in the induction period.
The scheme by which antioxidants work can be shown as:
RO2 * + AH  RO2H + A *
A * + RO2 *  RO2 A 
 Non - radical stable products
A * + A *  A - -A 

Where, AH represents an antioxidant.
The chain-breaking antioxidants used in the food industry are phenols, e.g.,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary
butylated hydroxyquinone (TBHQ), and propyl gallate. Such compounds lose their
efficiency at high temperatures because the stable products formed above break
down. These antioxidants are used at the level of 100-200ppm. See Fig. 5-21 for
the structures of some common antioxidants. A short list of common antioxidants
and their maximum permissible limit in different countries use appears in Table 5-9.
There are also preventive antioxidants, which act by reducing the rate of chain
initiation. Metal inactivators (which form complex with metal ions capable of
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catalyzing chain initiation) include citric, phosphoric, and ascorbic acid. Some
preventive antioxidants can absorb radiation without forming radicals. Carbon
black, phenyl salicylate, and hydroxybenzophenone are examples of UV
deactivators.
OH
HO

OH

OH
C(CH3)3

C=O
O-C3H7
Propyl gallate

O-CH3
BHA

OH

OH
(CH3)3C

C(CH3)3

CH3
BHT

C(CH3)3

CH3
TBHQ

Fig. 5-21: Some common synthetic antioxidants
Finally, there is synergism, which is the effect obtained when two (or more) of
these stabilizers are used together. The mixture has a much better effect than either
of the stabilizers alone. If a chain-breaking and a preventive antioxidant are mixed,
both initiation and propagation are suppressed. It is thus clear that an antioxidant
(as implied in food industry) is any substance which is capable of delaying,
retarding or preventing the development in food of rancidity or other flavor
deterioration due to oxidation.
It must be noted here, antioxidants are only one means of fending off oxidation. At
the very best an antioxidant can only be expected to maintain the oil in its original
condition. An antioxidant cannot:
1.
2.
3.
4.
5.
6.

Improve the flavor of poor quality fats/oils
Improve an oil in which oxidative rancidity has already developed
Prevent microbial decay
Prevent hydrolytic rancidity
Prevent ketonic rancidity
Prevent flavor reversion

Table 5-9: Some common antioxidants and their usage level
Antioxidant (maximum permitted level, in ppm)
BHA
BHT
Gallates
TBHQ
USA
200
200
150
200
UK
200
200
100
Belgium
100
100
100
Denmark
100
100
100
France
100
100
100
Italy
300
300
100
Germany
Not permitted in any fats and oils
Country
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NATURAL ANTIOXIDANTS
There are some foodstuffs that contain certain compounds that inhibit autoxidation.
Such compounds are referred to as natural antioxidants. Some of the well known
sources of natural antioxidants are: tomato seed oil, sesame oil, tempeh (fermented
soybean food) oil, rice bran oil, tocopherols, alcohol extracts of various spices,
rosemary, grape seed oil, etc.
In many situations, natural antioxidants seem to perform better than the synthetic
antioxidants. In a number of applications there is no choice for anything else but a
natural extract, because of company policy or food legislators and public pressure
groups.
Rancidity due to photooxidation and enzymatic route are more complicated to
control.
Photooxidation has no induction period, which means phenolic
antioxidants mentioned above do not protect fats from oxidation by singlet oxygen.
However, the reaction can be quenched by ascorbyl palmitate (an antioxidant) and
carotenoids that effectively compete for the singlet oxygen and bring it back to the
ground state.
Hydrolytic rancidity is quite simple to manage. It is important to keep the moisture
level as low as possible when processing the oil. Inert gas packaging can be
essential in some foods, e.g. potato chips. The enzyme lipase is another risk factor,
which can come from bacteria and/or the cells of the animal tissue. Animal tissue
and bacterial contamination should therefore be avoided. Sterilization can be used
to reduce the risk of lipolytic activity and is often used in preparing artificial
creams.
FLAVOR REVERSION
Soybean oil and other fats and oils containing linolenic acid show the reversion
phenomenon when exposed to air. Reversion flavor is a particular type of oxidized
flavor that develops at comparatively low levels of oxidation, before the onset of
rancidity. The off-flavors may develop in oils that have a peroxide value of as little as
1 or 2. Other oils may not become rancid until the peroxide value reaches 100.
Linolenic acid is generally recognized as the determining factor of inversion
(reversion) flavors. These off-flavors are variously described as grassy, fishy, and
painty. The origin of these flavors appears to be the volatile oxidation products
resulting from the terminal pentene radical of linolenic acid, CH3-CH2-CH=CH-CH2-.
The first perceptible reversion flavor was found to be caused by 3-cis-hexenal, which
has a pronounced green bean odor. Other flavorful aldehydes isolated were 2-transhexenal (green, grassy), 2-trans-nonenal (rancid), and 2-trans-6-cis-nonadienal
(cucumber flavor). These findings illustrate the complexity of the reversion flavors.
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Similar problems occur with other polyunsaturated oils such as fish oil and rapeseed
oil.
The conditions known to influence the onset and development of reversion flavors
are temperature, light, oxygen, and trace metals.
ASSESSMENT OF RANCIDITY
Rancid flavors are chemically very complex, since they are derived from any or all
of the unsaturated fatty acids originally present in the oil. In evaluating an oil or fat
for suspected oxidative deterioration, trained tasters are required. Physicochemical
methods of determining the flavor status of oils are faster and more objective but
do not tend to correlate very well. Some of the common physicochemical tests used
for the assessment of rancidity are: Kreis test (Rancidity index), Peroxide value,
Anisidine value, Totox value, Thiobarbituric acid (TBA) test, etc. Kreis test is
probably the simplest and quickest method for assessing rancidity. The qualitative
method is as follows: mix 1ml of oil with 1ml of conc HCl. Add 1ml of 1%
solution of pholoroglucinol (in petroleum ether) and shake. Allow the layer to
separate. A pink or red tinge is a positive indication of rancidity in oil. The
intensity of the color (usually measured by tintometer) is proportional to the extent
of rancidity.
SALAD, COOKING, AND FRYING OILS
Salad refers to savory dish consisting mainly of a mixture of raw vegetables (whole,
sliced, chopped, or in pieces) usually served with a dressing for moisture and flavor.
Salad dressing refers to a well-seasoned sauce poured over or mixed with the
ingredients of a salad, for example, one made from oil and vinegar or mayonnaise
(a rich creamy sauce made from egg yolks, vegetable oil, vinegar, lemon juice, and
spices).
Salad oil is an oil suitable for use in salad dressing. Salad oil should remain
substantially liquid at a temperature of 5-10°C and form a mayonnaise emulsion
stable at these temperatures. Cooking and frying oils need not have these properties.
Salad oil is usually stabilized by winterization. Winterization refers to controlled
cooling of oil to remove the saturated fraction that crystallizes out at low
temperatures.
A good salad dressing must use good quality well-flavored oil. "Extra virgin" olive
oil is considered the best salad oil. Other oils include good quality peanut-,
sunflower-, corn-, canola-, and safflower oil, all of which have reasonably neutral
flavor. Oils with more pronounced flavors include nut oils, sesame oil, and olive oil.
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Except virgin olive oil, other salad oils are usually refined, bleached and
deodorized.
Cooking and frying oils differ from salad oils in certain aspects. Cooking oils need
not remain liquid at low temperatures and winterization is not a must. In fact, some
frying processes require solid fat. However, cooking and frying oils should have
high smoke points so that they can withstand cooking and frying temperatures.
Butter and margarine have low smoke points, so they aren’t good for frying but
work for light sautéing. The best oils for deep-frying and high-temperature cooking
are refined safflower-, sunflower-, peanut-, and soybean oil. Sometimes, unrefined
oils are also used but they do not tolerate high temperatures.
SHORTENINGS
The word ‘shortening’ originally referred to fat, primarily lard, which was used to
shorten (give “short” texture as in biscuits) or tenderize baked foods by preventing
the protein and carbohydrate components from cooking into hard continuous mass.
Today, shortening refers to any fat and oil from animal or vegetable origin used in
food preparation. Important commercial shortenings include butter, lard, vegetable
oils, hydrogenated oils, and margarines. Usually, these individual fat types are
further modified and mechanically blended to give a shortening of defined property
for particular use. For example, high-ratio shortening is a superglycerinated
shortening in which the amounts of mono- and diglycerides have been increased.
Superglycerination is amphiphilic in nature and therefore promotes emulsification.
This in turn allows more binding of sugar in the batter to give a sweeter cake. With
high-ratio shortenings it is possible to prepare cakes with sugar to flour ratio of as
much as 1.4:1, while with ordinary shortenings a ratio of 1:1 cannot be exceeded.
FUNCTIONS OF SHORTENINGS
1.
2.
3.
4.
5.
6.

Provide exterior gloss and moisture resistance in some baked goods
Emulsification, creaming, and lubrication
Frying applications: quick and even heat transfer for cooking
Increase palatability and satiety
Impart crisp and crumbly texture to baked products
Increase the plasticity and workability of dough

Shortenings can be classified in a number of ways:
1. By fat composition: (a) animal or vegetable, (b) emulsified or unemulsified,
(c) compound or all-hydrogenated
2. By physical form: plastic, fluid, or powdered
3. By functionality for specific uses: bread, cakes, icings, or frying
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Solid-type shortening is recommended for use in bread dough because it can be
more thoroughly distributed through the dough. The reason for this is that it will
not saturate the flour it touches. The liquid-type shortening is mainly used in
recipes that call for melted shortening, such as some cake- and bread recipes.
General purpose shortening is a high-grade shortening that has excellent baking
qualities. Bakery shortening or emulsifier-type shortening is a hydrogenated
shortening to which an emulsifying agent has been added. This gives the
shortening exceptional ability to blend with other ingredients. For most baking
purposes, desirable characteristics include bland or pleasant flavor; freedom from
objectionable odor; light or clear color; a high degree of plasticity; long storage life;
and good shortening power.
MARGARINE
Margarine was developed in 1869 by Hippolyte Mege Mouries, a French chemist
to meet butter shortage. The original product was designed to imitate butterfat.
Fresh tallow was subjected to a low temperature rendering (digesting to extract the
fat) with artificial gastric juice and slowly cooled to approximately to 26.7°C to
partially crystallize the fat. The olein (a soft yellow semi-fluid fraction obtained in
about 60% yield) was then dispersed in skim milk along with cow udder tissue.
The emulsion was agitated for several hours and cold water added to the churn,
causing the soft fat to solidify. The water was drained, and the granular mass that
remained was kneaded and salted.
Since that time, progress in refining, deodorizing, and hardening of oils by
hydrogenation, and the availability of better emulsifiers have brought about
dramatic changes in the ingredients and techniques used to manufacture margarine.
About 80% of the fats and oils used to make margarine in the United States come
from soybeans. The rest of the fats and oils come chiefly from corn or cottonseed.
Small amounts of animal fats and oils from peanuts and saffron seeds are also used.
Margarine, itself almost white in color, is mixed with yellow vegetable dye to look
like butter. Standards of the United States Food and Drug Administration (FDA)
require that margarine contains 80% oil and fats together with a water-based
ingredient and allowed additives. The water-based ingredient is usually raw or
processed milk, which gives margarine a butter-like flavor. The FDA also requires
that margarine be supplemented with vitamin A.
Margarine can be described as water-in-oil emulsion made principally from one or
more vegetable or animal fats or oils in which is dispersed an aqueous portion
containing milk products (either solid or fluid), salt, and such other ingredients as
flavoring agents, yellow food pigments, emulsifiers, preservatives, and vitamins A
& D. It is used in cooking and as a spread. Nutritionally, margarine is primarily a
source of calories.
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The production of margarine consists of six integral steps:
1. The selection and preparation of suitable blend of oils and fats
2. The preparation of milk and other liquid which forms the basis for flavor
and aroma of margarine
3. The mixing or emulsification of the fat blend with the aqueous liquid by a
process of churning
4. The cooling and crystallization of the liquid emulsion
5. The working and kneading of the solid mass so as to obtain the desired
plasticity and body in the product
6. The packing of the product
The fat blend originally consisted of oleo-margarine or oleo oil (a soft lard) but
other fats were soon used. Such fats should be highly refined and deodorized, and
should have been bleached to pale and bright color. They should be of low acidity
and have low peroxide values.
The blend is selected from the available oils and fats with due consideration to cost
and the characteristics aimed at in the margarine, notably texture, plasticity,
melting point, and hardness. The composition is further adjusted according to the
intended end use but the complete melting point should nevertheless be below body
temperature.
The constituents of the fat blend are melted with utmost care in separate tanks with
due precautions against atmospheric oxidation damage due to overheating.
The aqueous phase of the margarine may or may not contain milk. Where it is used,
pasteurized skim milk is ripened with a culture of lactic organisms at 20-25°C for
12-15hrs to develop a pH of 4.3-4.5. It should then be cooled to 10°C and churned
with the fat blend without delay. Where milk is not used, its effect is simulated by
using 1-3ppm diacetyl, which gives a butter note
The fat blend and aqueous phase are mixed in churns consisting of vertical,
jacketed vessels fitted with paddles, or in continuous emulsifiers. Coloring matter,
vitamin premix, flavoring, lecithin, etc., are added during the churning or
emulsification. The process requires careful control of temperature and other
conditions of working; the product emerges from the machine in the form of a thick
cream, and passes on to coolers.
The emulsion is cooled rapidly to ensure that the solidification is homogeneous and
that no graining out of the harder constituents occurs. The emulsion is passed on to
the surface of a cooled rotating drum in a layer whose thickness is adjusted by the
speed of flow and of the rotation (see Fig. 5-22 for an idea). The chilled mass is
scraped from the drum in flakes. It is then kneaded to remove any excess of water
and to plasticize and consolidate the texture. Salt and, where it is permitted, boric
acid preservative are added during the process. From these machines the margarine
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passes to the packing operation where it is packed in bulk or in small parchmentwrapped packets.
Scrapper

Refrigerant

Margarine being cooled

Fig. 5-22: Schematic drawing of cooled rotating drum

CHAPTER 7: PECTIC SUBSTANCES
Pectic substances are heterogeneous grouping of acidic, structural heteroglycans
found in the middle lamella of plant cell walls (Fig. 6-1). They function in the
movement of water and as cementing material for the cellulose network. Pectic
substances can be linked to cellulose fibers and also by glucosidic bonds to
xyloglucan chains that, in turn, can be covalently attached to cellulose.
Middle lamella
(rich in pectin)

Plasma membrane

Plasmodesmata
Vacuole
Cytoplasm

Primary cell wall
Air space

Fig. 6-1: Plant cell and its components
CHEMICAL STRUCTURE
Generally, pectic substances do not possess exact structures. D-galacturonic acid
residues and its methyl esters in an α-1,4-chain form most of the molecules (Fig. 62).
-1,4-linkage
COOCH3

COOH

COOH

carboxylic group

COOH

COOCH3

methyl ester

Fig. 6-2: A partial pectin molecule
In native pectin, every block of 50 to 100 such molecules alternate with a special
block (of molecules) called rhamnogalacturonans to form an overall pectin
structure. Pectin molecule assumes a helical conformation in solution, and exhibit a
large amount of flexibility.
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Rhamnogalacturonans are very complex heteropolymers that account for 10-15%
of the native pectin molecule. Rhamnogalacturonans have been classified into
rhamnogalacturonan I and rhamnogalacturonan II. Rhamnogalacturonan I is well
characterized (it accounts for 20-80% of the total rhamnogalacturonans) but
rhamnogalacturonan II is still ill defined. Rhamnogalacturonan I consists of a short
core chain of alternating residues of -D-galactopyranosyluronic acid and -Lrhamnopyranose (Fig. 6-3).
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Fig. 6-3: Smooth and hairy parts of pectin molecule
Some rhamnose moieties of the chain contain branches (side chains) made up of
various sugars and their derivatives like -D-galactopyranose, -L-arabinofuranose,
and -D-glucopyranosyluronic acid. The presence of rhamnose in the pectin
molecule breaks the regular helix of the pectin chain and produces kinks in the
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structure. The side chains of rhamnogalacturonans give the impression of hairs
protruding from the pectin molecule. The rhamnogalacturonans in the pectin
molecule are therefore called ‘hairy’ region (Fig. 6-3). In commercial pectins,
much of the side chains (hairs) are lost during the extraction process. The
polygalacturonic acid main chain (which is also occasionally interspersed with
rhamnose units), by analogy, represents the ‘smooth’ regions of pectin molecule.
The acid groups along the chain are largely esterifed with methoxyl groups in the
natural product. There can also be acetyl groups present on the free hydroxyl
groups. A pectin molecule contains few hundreds to about 1000 saccharide units
(molecular weight between 50,000 to 150,000). The commercially prepared pectin
may contain some amounts of galacturonamide (Fig. 6-3).
The carboxylic groups tend to expand the structure of pectins as a result of their
charge, unless they interact through divalent cationic bridging. Methylation of
these carboxylic groups forms their methyl esters, which take up a similar space
but are much more hydrophobic.
SOURCES OF PECTIN
The traditional, commercial sources of pectin have been citrus peel and apple
pomace. Citrus peel has often been the preferred raw material due to its high pectin
content and good color properties. Generally lemon and lime peels (the albedo part,
Fig. 6-4) are the preferred sources of citrus pectin. More recently other sources of
pectin are beginning to find market, such as sugar beet pectin and sunflower pectin.
Sugar beet pectin in particular is finding a niche market due to its unusual
emulsification properties. The amounts of pectin from these different sources vary
considerably:
Apple pomace: 10-20%
Citrus peel: 25-35%
Sugar beet: 10-20%
Sunflower: 15-25%
Core

Flavedo
Albedo
Lamella

Fig. 6-4: Cross section of a citrus fruit (pectin occurs in large amounts in albedo)
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TERMINOLOGIES FOR PECTIC SUBSTANCES
PECTIC SUBSTANCES
Pectic substances is a group designation for those complex colloidal carbohydrates
which occur in, or are prepared form, plants and contain a large proportion of
polygalacturonic acid or its derivatives such as methyl esters and salts.
PROTOPECTIN
The term protopectin is applied to the water-insoluble parent pectic substance
which occurs in plants and which, upon restricted hydrolysis, yields pectinic acids.
PECTINIC ACID
The term pectinic acid is used for colloidal polygalacturonic acids containing more
than a negligible proportion of methyl ester groups. Pectinic acids, under suitable
conditions, are capable of forming gel with sugar and acid or, if suitably low in
methoxyl content, with certain metallic ions. The salts of pectinic acids are either
normal or acid pectinates.
PECTIN
The general term pectin (or pectins) designates those water-soluble pectinic acids
of varying methyl ester content and degree of neutralization which are capable of
forming gel with sugar and acid under suitable conditions.
PECTIC ACID
The term pectic acid is applied to pectic substances mostly composed of colloidal
polygalacturonic acids and essentially free from methyl ester groups. The salts of
pectic acid are either normal or acid pectates.
FUNCTIONALITY OF PECTIN
Pectins are mainly used as gelling agents, but can also act as thickener, water
binder, and stabilizer. They are used in confectionary, pharmaceuticals, jams and
jellies, beverages, tomato-based products, and low-pH milk (e.g., yogurt). In lowpH milk, the casein molecules precipitate because the negative charges have been
removed. Pectin has a negative charge and its inclusion in the milk effectively
stabilizes the casein (by restoring the charge).
PECTIN GEL FORMATION
Gel formation is one of the most important characteristics of pectin that is widely
used in food industries. The ability to form a good gel depends on many factors,
such as (i) amount of pectin, (ii) molecular weight of pectin, (iii) degree of
methylation, (iv) amount of sugar, (v) pH, and (vi) calcium ions.
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Pectin gel is formed when the colloidally dispersed pectin molecules are in a state
between fully dissolved and precipitated. It is theorized that segments of the
molecule chains are joined together by limited crystallization to form a threedimensional network in which water, sugar and other solutes are held (Fig. 6-5).
The crystallization results from hydrogen bondings that occur between neighboring
pectin chains.
If the molecules are too short (low molecular weight), the network is not
continuous in many spots and the gel is runny or soft. Too little pectin will also
have similar result.
Crystallized regions
Water

Fig. 6-5: Simplified model of the molecular network of a pectin gel. Shaded areas
represent local crystallization.
The degree of methylation (DM) or degree of esterification (DE), has a great
influence on the property of gel, but does not necessarily influence the gel strength.
The degree of methylation is the ratio of methylated galacturonic units to total units
expressed as percentage. DM is a good indicator to the property of pectin. Pectins
with more than or equal to 50% DM are called high methoxyl pectin (HMP) while
those with less than 50% DM are designated low methoxyl pectin (LMP). LMP is
sometimes subjected to ammonia treatment to obtain amidated LMP (LMPA).
Thus, there are three broad types of commercial pectins, viz.,
(i)
(ii)
(iii)

HMP ( 50% DM),
LMP (< 50% DM), and
Amidated LMP (LMPA).

These pectins require completely different conditions for the preparation of gel and
the choice of pectin-type depends on the type of product to be prepared.
GEL FORMATION WITH HMP
The minimum conditions for causing HMP to gel are (i) sugar content between 5585%, and (ii) pH between 1.0 and 3.5. Unlike in LMP, calcium ion is not a critical
factor. Once formed, the gel is thermally irreversible under atmospheric condition.
If HMP is used at conditions different from the above, the pectin will merely
function as a thickening agent.
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HMP forms gel by the formation of hydrogen bonding (between hydroxyl and
carboxyl groups of adjacent chains) and hydrophobic interactions in the presence
of acids and sugars (Fig. 6-6). Acids at pH ~ 3 reduce electrostatic repulsions and
sugar (~ 62%) reduces polymer-water interactions due to dehydrating action of
sugar.
At a pH of 3.0, about 80% of the available acid groups in the HMP molecule are
not dissociated, and are therefore capable of hydrogen bonding to acid or hydroxyl
groups on adjacent chains. These "junction zones" could be thought of as
crystallized out of solution, while the non-cross linked portions of the molecules
are still in solution. Therefore, it could be said that an HMP gel is literally half in
and half out of solution. The hydrophobic forces from the repulsion of methyl ester
groups by water contribute 50% to the gel structure stability. Sugar and similar
solutes generally tend to dehydrate the pectin molecules in solution. At higher
solids there is less water available to act as a solvent for the pectin and the
tendency to crystallize or gel is consequently favored. The result is a gel network
of intertwined molecules which are organizing the water and solutes, such that the
organized water behaves like an elastic solid rather than a viscous liquid.
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Fig. 6-6: Gel formation in HMP
The DM of HMP determines the gelling rate and gelling temperature. This is
reflected by the designations ‘rapid set’ (~ 72% DM) and ‘slow set’ (~ 65% DM).
GEL FORMATION WITH LMP
LMP gelation does not depend on sugar and pH of the mix but calcium ions are
essential. Unlike HMP gels, LMP gels will melt if heated, and then regel when
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cooled, which means that they are thermally reversible. LMP can gel over a wider
pH range than HMP, namely pH = 1.0 to 7.0+, while pH does influence the texture
of the gel. In addition, the soluble solids gelling range for LMP is much wider than
for HMP, ranging from 0% to 80% solids. Thus, LMP is perfect for the preparation
of specialty products such as low-calorie gels.
The gelation of LMP involves bridge formation by joining carboxyl groups on
adjacent chains with divalent cations, usually calcium (Fig. 6-8). This creates a
junction zone that is thought to crystallize out of solution. There is also evidence
which suggests that the junction zones of LMP involves two to three pectin
molecules that form a helix with each other, and have calcium ions located inside
the tunnel formed by the intertwined pectin molecules, while water of hydration is
located on the exterior of the helix. This is known as egg box model (Fig. 6-7).
Additionally, hydrogen bonds help to form junction zones in LMP gels between
hydroxyl and carboxyl groups on adjacent chains.
Ca++
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++
++
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Fig. 6-7: Egg box model for LMP gel
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Fig. 6-8: LMP gelation mechanism
At a given solids content (e.g., ≤ 30%), the requirement of Ca2+ in LMP gels
increases with the increase in degree of methylation. 30%, 40% and 49% DM
require 25, 50 and 100mg Ca2+/g of pectin. The pectin that requires less amount of
Ca2+ for gelling is called the high calcium-reactive and the one that requires more
Ca2+, by analogy, is called less calcium-reactive. The relation of gel strength and
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the amount of Ca2+ is not truly linear. At some point, further increment of Ca2+ will
have no improvement in the gel strength, and this particular quantity of Ca2+ is
called calcium saturation. See Fig. 6-9 for explanation.
The solids content also has influence on the calcium requirement in LMP gel
formation. For low solids content, high calcium-reactive LMP is used and for high
solids content, less calcium- reactive LMP is used.
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Fig. 6-9: Relation of %DM and gel formation
SETTING TIME
The time which elapses between the addition of all components and formation of a
gel is called the setting time. Setting time depends on the degree of methylation and
has a great influence on the quality of the final gel. Accordingly, commercial
pectins are classified as (i) Rapid Set-, (ii) Medium Set-, and (iii) Slow Set Pectins.
We can obtain these classes in both HMP and LMP. Rapid Set- and Slow Set
HMPs have 71-77% and 58-65% DM, respectively. Rapid Set- and Slow Set
LMPs have 30% and 40% DM, respectively. The designations Rapid Set- and Slow
Set LMP are analogous to more calcium reactive and less calcium reactive LMP.
The LMP can be modified by treatment with ammonia to form galacturonamide.
Amidation makes the pectin less hydrophilic (increasing tendency to form gels),
strongly affects calcium reactivity, interferes with gelation, increases gelling
temperature, and delays the setting time. An interesting property of amidated LMP
is that the gel can reheal after shearing.
Very rapid setting of pectin (before pouring is complete) produces curds rather than
uniform gel. As a result, small lumps are formed in the mixing pot. A curdled mix
is difficult to pour and does not fill evenly. However, this is advantageous in the
preparation of marmalades and similar products because it effectively immobilizes
the fruit chunks in the gel before they settle to the bottom or float on the surface.
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A hot mixture does not set until it begins to cool. The rate of cooling has an effect
on setting time.
A ‘rapid set’ begins at about 88°C while a ‘slow set’ forms a jelly below 54°C.
PREGEL PHENOMENON IN LMP
LMP pregel is defined as too fast a reaction between the LMP and the calcium ions,
resulting in a non-homogeneous gel structure, which resembles applesauce in
texture. Nine times out of ten, the cause of pregel is related to the way in which the
calcium is added to the LMP. Usually, the calcium gets added too fast, or at the
wrong point in the process, or it's simply too concentrated when added.
This indicates that the choice of LMP, calcium level and its method and sequence
of addition, and mixing temperature are all important. With LMP, the pectin should
be hydrated separately in water. Calcium-containing ingredients are prepared in
another vessel and mixed only when everything is ready.
PECTIN GRADE/JELLY GRADE
Various methods are used for measuring gel strength, the most common method
being the SAG-method, where deformation by gravity of the demolded gel is
measured. In other methods, breaking strength of the gel is determined.
Commercial HMPs are characterized by, and standardized to, uniform jelly grade
and gelling velocity. Pectin grade/jelly grade is the number of parts of sugar
required to gel one part of pectin to acceptable firmness. The majority of HMPs are
standardized to 150 grade USA-SAG, which means that 1 kg of standardized pectin
will turn 150 kg of sugar into a standard gel (SS = 65.0%, pH = 2.2-2.4, gel
strength = 23.5% SAG). In other words: 1kg of 150 jelly grade can set to produce
230kg standard jelly. Pectin grade can be altered by diluting the pectin with
glucose or powdered sugar.
COMMERCIAL PRODUCTION OF PECTIN
Pectin can be produced from various raw materials, including apple pomace, citrus
peel, sunflower heads, etc. Pectin manufacture comprises three to four essential
steps:
1.
2.
3.
4.

Extraction from the plant material
Purification of the liquid extract
Isolation of pectin from the solution
De-esterification of the HMP (if LMP is the end product desired)
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The extraction of pectin is done with hot, acidified water. Quantity and quality of
pectin from the specific raw material depend to a great extent on proper selection
and control of extraction conditions. The extract is clarified by centrifugation and a
number of filtrations, the last step being a polishing filtration to ensure complete
transparency in application.
Precipitation of pectin from solution may either be done with alcohol from a
concentrated (2-4%) pectin solution or with an aluminum salt from the dilute (0.30.5%) pectin solution. When pectin is isolated as aluminum pectinate, precipitation
must be followed by washing with acidified alcohol to convert the aluminum
pectinate to the acid form and subsequent neutralization with slightly alkaline
alcohol.
The pectin obtained by these processes is high ester pectin. Low ester pectin is
obtained by a controlled de-esterification of high ester pectin at either acidic or
alkaline conditions. If ammonia is used to de-esterify the pectin, some amide
groups are introduced into the molecule and the so-called amidated pectin is
obtained.
The pectin is now dried under vacuum, ground to powder, mixed with sugar or
dextrose to standardize, and packed.
PECTIC ENZYMES (PECTOLYTIC ENZYMES)
Pectic enzymes are present in plant tissues as well as several microorganisms.
Pectic enzymes can be classified into 2 broad groups and several sub-groups. The
main groups are:
(i) Depolymerizing enzymes: e.g., Polygalacturonase (EC 3.2.1.15),
(ii) Saponifying enzymes: e.g., Pectin methyl esterase (EC 3.1.1.11)
Polygalacturonase is involved in hydrolyzing the main chain of pectin while pectin
methyl esterase is involved in removal of methyl ester from the pectin molecule
(Fig. 6-10 and 6-11).
Pectic enzymes have numerous functions and these may be related to plant
physiology or technological aspects.
In relation to plant physiology, particularly in ripening fruits, the enzymes
gradually break down the native pectin to cause a softening effect. This is desirable
to an acceptable level but continued action by these enzymes causes excessive
softness and a mushy product will result. The degradation of pectin is the primary
spoilage defect of plant tissue.
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Fig. 6-11: De-esterification of pectin
Pectic enzymes have a number of technological uses. They are extensively used in
clarification of fruit juices. Under normal condition, pectin present in fruit juices
tends to hold other substances in suspension as a colloidal system. By hydrolyzing
the pectin, the protective colloidal action is destroyed, so that suspended substances
will settle out and can then be removed from the juice by filtration.
The addition of pectic enzymes to fruits during crushing or grinding increases the
yield of pressed juice (e.g., for apple and grape juices). When the juices are
concentrated, it is necessary to remove the pectin so that the juice remains liquid. If
pectin is not destroyed, the concentration of juice leads to increase in sugar content
and consequent formation of HMP gel.
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Pectic enzymes are also extensively used in the production of coffee beans. The
mucilaginous coating surrounding the bean can be liquefied by commercial pectic
enzymes.
One of the oldest uses of pectic enzymes is the process of retting, in which textile
fibers, such as jute, flax, hemp, and jute are loosened from their plant stems.
Presence of pectic enzymes, particularly the pectin methyl esterase, in fermentation
media may be objectionable. During fermentation, the methyl group may be
extensively cleaved thereby leading to accumulation of methanol to dangerous
levels. The enzymes, however, can be readily destroyed by heating the medium at
82°C for 25-30 min.

CHAPTER 8: MINERALS IN FOOD
All foods contain varying amounts of minerals (see Table 7-1 for mineral content
in milk). The mineral material may be present as inorganic or organic salts or may
be combined with organic material. The last form includes phosphoproteins,
metalloenzymes, and metal chelates like hemoglobin, vitamin B12, chlorophyll,
myoglobin, etc. The term ‘chelate’ refers to complex formed by coordinate
covalent bonds between the metal and the ligand. More than 60 elements may be
present in foods. Some elements appear at relatively constant levels, but in a
number of cases an abundance of a certain element in the environment may result
in a greatly increased level of that mineral. Enrichment of elements in a biological
chain may occur due to a phenomenon called biomagnification. This is true of toxic
elements, which continue to increase at different trophic levels because they cannot
be metabolized.
Minerals have innumerable physiological functions in all living organisms. The
broad functions of minerals in human body are:
1. Necessary for body building, e.g., bones, teeth, structural parts of soft
tissues
2. Play a role in the regulation of processes in the body
3. Act as electrolyte
4. Some are required in small amounts for specific functions, e.g., iron in
hemoglobin, iodine in thyroxin
5. As cofactors in enzymes
6. Deficiency results in specific disorders, e.g., goiter in iodine deficiency,
anemia in iron deficiency
Mineral composition (wet basis) of an adult human body is as follows:
Major minerals
Calcium
Phosphorus
Sulfur
Potassium
Sodium
Chlorine
Magnesium

2.4%
1.2%
0.3%
0.24%
0.17%
0.15%
0.05%
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Trace elements
Iron
Fluoride
Zinc
Copper
Iodine
Manganese
Chromium
Molybdenum
Cobalt
Selenium

0.008%
0.005%
0.005%
0.0001%
less than 0.0001%
less than 0.0001%
less than 0.0001%
less than 0.0001%
less than 0.0001%
less than 0.0001%

According to American Dietetic Association, our body needs at least 15 minerals to
function. They are: calcium, chromium, iodine, molybdenum, chloride, phosphorus,
copper, iron, selenium, magnesium, fluoride, manganese, zinc, sodium, and nickel.
A brief mention of their physiological function, food source, and problems arising
from insufficient and excess intakes is given in the following paragraphs. A few
selected roles have been elaborated for clarification.
1. CALCIUM
Calcium is the most common mineral in the human body. About 99% of the
calcium in the body is found in bones and teeth, while the other 1% is found in the
blood and soft tissue.
Calcium is absorbed mainly from the duodenum and the first half of jejunum with
the help of calcium binding protein against electrical and concentration gradients.
Certain foods, e.g., spinach and colocasia, contain oxalic acid, which reacts with
calcium to form insoluble calcium oxalate. This renders calcium unavailable for
utilization. Phytic acid (found in cereal bran) and excess fat in diet also reduce
calcium utilization.
Functions
Calcium builds bones, both in length and strength, and helps retard the rate of bone
loss as one gets old. It helps muscles contract, plays a role in normal nerve function,
and helps blood coagulate when bleeding.
Calcium is a major structural element in bones and teeth. The mineral component
of bone consists mainly of hydroxyapatite [Ca10(PO4)6(OH)2] crystals, which
contain large amounts of calcium and phosphate. Bone is a dynamic tissue that is
remodeled throughout life. During normal growth, bone formation exceeds bone
resorption. Osteoporosis may result when bone resorption exceeds its formation.
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Deficiency problems
Affects bone density and increases the risk of osteoporosis.
Food sources
Milk and milk products, some dark-green leafy vegetables, fish with edible bones
and tofu made with calcium sulfate. Many foods are fortified with calcium, such as
some brands of orange juice, bread, health drinks, and soy milk.
Excess amounts
Too much calcium over a prolonged period can cause constipation, kidney stones,
and poor kidney function. It may also interfere with the absorption of other
minerals, such as iron and zinc. However, excess amounts get consumed only via
supplements.
Nutrient interactions
Vitamin D is required for calcium absorption. Increased sodium intake increases
loss of calcium in urine. Every 2.3g increase in sodium relates to 24-40mg loss of
calcium through urine. Increased protein intake also increases loss of calcium.
Every 1g extra protein relates to loss of 1.75mg calcium. Since dietary calcium is
absorbed only to the extent of 30%, around 5.8mg of extra calcium must be
supplemented daily to make up the loss due to excess protein intake.
2. PHOSPHORUS
Phosphorus is an essential mineral that is required by every cell in the body for
normal function. The majority of the phosphorus in the body is found as phosphate
(PO4). Approximately 85% of the body's phosphorus is found in bone. The daily
requirement is similar to that for calcium.
Functions
Phosphorus helps body cells produce energy and acts as a main regulator of energy
metabolism in body organs. It is a major component of bones and teeth, and makes
up part of DNA and RNA.
Phosphorus is a major structural component of bone in the form of a calcium
phosphate salt called hydroxyapatite. Phospholipids (e.g., phosphatidylcholine) are
major structural components of cell membranes. All energy production and storage
are dependent on phosphorylated compounds, such as ATP and creatine phosphate.
A number of enzymes, hormones, and cell signaling molecules depend on
phosphorylation for their activation. Phosphorus also helps maintain pH balance in
its role as one of the body's most important buffer. The phosphorus-containing
molecule 2,3-diphosphoglycerate (2,3-DPG) binds to hemoglobin in red blood cells
and affects oxygen delivery to the tissues of the body.
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Deficiency problems
The problems are rare, except for small premature babies who consume only breast
milk, or for people taking aluminum hydroxide-containing antacid for long periods.
Symptoms include bone loss, weakness, pain, and loss of appetite.
Inadequate phosphorus intake results in abnormally low serum phosphate levels
(hypophosphatemia). The effects of hypophosphatemia may include loss of
appetite, anemia, muscle weakness, bone pain, rickets (in children), osteomalacia
(in adults), increased susceptibility to infection, numbness and tingling of the
extremities, and difficulty in walking. Severe hypophosphatemia may result in
death. Because phosphorus is so widespread in food, dietary phosphorus deficiency
is usually seen only in cases of near total starvation. Other individuals at risk of
hypophosphatemia include alcoholics, diabetics recovering from an episode of
diabetic ketoacidosis, and starving or anorexic patients on refeeding regimens that
are high in calories but too low in phosphorus.
Food sources
Protein-rich foods are the best sources. Legumes and nuts rank next. Bread and
baked goods also contain phosphorus.
Excess amounts
Too much phosphorus may lower calcium levels in the blood and increase bone
loss if calcium intake is low.
3. MAGNESIUM
Magnesium plays important roles in the structure and the function of the human
body. The adult human body contains about 25g of magnesium. Over 60% of all
the magnesium in the body is found in the skeleton, about 27% is found in muscle,
while 6 to 7% is found in other cells, and less than 1% is found outside of cells.
Functions
Magnesium is an important part of more than 300 enzymes which regulate many
body functions, including energy production, synthesis of nucleic acids, ion
transport, cell signaling, cell migration (important in wound healing), structural
role, and muscle contractions. It also helps maintain nerve and muscle cells and is a
component of bones.
Deficiency problems
When the body cannot properly absorb magnesium, irregular heart beat, nausea,
weakness, and mental derangement may occur.
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Food sources
Magnesium is found in all foods in varying amounts. Legumes, nuts, whole grains,
and green vegetables are good sources.
Excess amounts
Too much magnesium can cause nausea, vomiting, low blood pressure, and heart
problems. Excess amounts from food are unlikely to cause harm unless kidney
disease prevents magnesium from being excreted.
4. CHROMIUM
Chromium occurs in two common forms (a) trivalent chromium (III), and
(b) hexavalent chromium (VI). Trivalent chromium is recognized as a nutritionally
essential mineral. Chromium (VI) is recognized as a carcinogen but is readily
reduced to chromium (III) in the acidic environment of stomach.
Functions
Chromium works with insulin to help the body use glucose (blood sugar).
Deficiency problems
Symptoms may resemble diabetes, including impaired glucose tolerance and nerve
damage.
Food sources
Good sources include meat, whole grains, and nuts.
Excess amounts
The effects of too much chromium are being studied.
5. COPPER
Copper is an essential trace element for humans and animals. In the body, copper
shifts between the cuprous (Cu+) and the cupric (Cu++) forms, though the majority
of the body's copper is in the Cu++ form. The ability of copper to easily accept and
donate electrons explains its important role in oxidation-reduction (redox) reactions
and the scavenging of free radicals.
Functions
Copper is a critical functional component of a number of essential enzymes, known
as cuproenzymes. Cytochrome c oxidase, plays a critical role in cellular energy
production by catalyzing the reduction of molecular oxygen to water. Another
cuproenzyme, lysyl oxidase, is required for the cross-linking of collagen and
elastin, which are essential for the formation of strong and flexible connective
tissue. The action of lysyl oxidase helps maintain the integrity of connective tissue
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in the heart and blood vessels and plays a role in bone formation. Copper helps
make hemoglobin, which carries oxygen in the blood. A number of reactions
essential to normal function of the brain and nervous system are catalyzed by
cuproenzymes.
Deficiency problems
The problem is rare, except from genetic problems or consuming too much zinc,
which can hinder copper absorption.
Food sources
Organ meats (especially liver) seafood, nuts, and seeds are good sources of copper.
Cooking in copper pots also increases copper content of foods.
Excess amounts
Too much copper can cause nausea, vomiting, diarrhea, coma, and liver damage.
6. FLUORIDE
Fluoride is considered a trace element because only small amounts are present in
the body (about 2.6g in adults), and because the daily requirement for maintaining
dental health is only a few milligrams a day. About 95% of the total body fluoride
is found in bones and teeth. Although its role in the prevention of dental caries
(tooth decay) is well established, fluoride is not generally considered an essential
mineral element because humans do not require it for growth or to sustain life.
However, if one considers the prevention of chronic disease (dental caries), an
important criterion in determining essentiality, then fluoride might well be
considered an essential trace element.
Functions
Fluoride is absorbed in the stomach and small intestine. Once in the blood stream it
rapidly enters mineralized tissue (bones and developing teeth). At usual intake
levels, fluoride does not accumulate in soft tissue. The predominant mineral
elements in bone are crystals of calcium and phosphate, known as hydroxyapatite
crystals. Fluoride's high chemical reactivity and small radius allows it to either
displace the larger hydroxyl ion (OH) in the hydroxyapatite crystal, forming
fluoroapatite, or to increase crystal density by entering spaces within the
hydroxyapatite crystal. Fluoroapatite hardens tooth enamel and stabilizes bone
mineral. Thus, fluoride helps harden tooth enamel, protecting teeth from decay. It
may also protect against osteoporosis by strengthening bones.
Deficiency problems
Deficiency of fluoride causes weak tooth enamel. Recommended optimum range of
fluoride concentration in water is 0.7-1.2 ppm.
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Food sources
Good sources are tea (especially if made with fluoridated water) and fish with
edible bones (such as canned salmon). Many communities add fluoride to the water
supply, and fluoride supplements may be used with a doctor's supervision. Some
types of cooking materials, such as Teflon, can increase the fluoride content of
foods.
Excess amounts
Too much fluoride can mottle or stain otherwise healthy teeth. It can also lead to
brittle bones, increasing the frequency of bone fractures.
7. IODINE
Iodine, a non-metallic trace element, is required by humans for the synthesis of
thyroid hormones. Iodine deficiency is an important health problem throughout
much of the world. Most of the earth’s iodine is found in its oceans. In general, the
older an exposed soil surface, the more likely the iodine has been leached away by
erosion. Mountainous regions, such as the Himalayas, the Andes, and the Alps, and
flooded river valleys, such as the Ganges, are among the most severely iodinedeficient areas in the world.
Functions
Iodine is an essential component of the thyroid hormones, triiodothyronine (T3) and
thyroxine (T4) and is therefore essential for normal thyroid function. To meet the
body’s demand for thyroid hormones, the thyroid gland traps iodine from the blood
and converts it into thyroid hormones that are stored and released into the
circulation when needed. In target tissues, such as the liver and the brain, T3 (the
physiologically active thyroid hormone) can bind to thyroid receptors in the nuclei
of cells and regulate gene expression. T4 (the most abundant circulating thyroid
hormone) can be converted to T3 by enzymes known as deiodinases in target
tissues. In this manner, thyroid hormones regulate a number of physiologic
processes, including growth, development, metabolism, and reproductive function.
Deficiency problems
Iodine deficiency interferes with thyroxin production, slowing the rate at which the
body burns energy. Symptoms include goiter (enlarged thyroid gland) formation.
Use of iodized salt has virtually eliminated iodine deficiency as a cause of goiter in
the United States.
Iodine deficiency is now accepted as the most common cause of preventable brain
damage in the world. According to the World Health Organization (WHO), iodine
deficiency disorders (IDD) affect 740 million people throughout the world, and
nearly 50 million people suffer from some degree of IDD-related brain damage. The

148

VITAMINS

spectrum of IDD includes mental retardation, hypothyroidism, goiter, and varying
degrees of other growth and developmental abnormalities. Thyroid enlargement, or
goiter, is one of the earliest and most visible signs of iodine deficiency.
Food sources
Iodine is found naturally in saltwater fish and foods grown near coastal areas.
Iodine can also be available from table salt that has been fortified with iodine (as
iodates and iodides).
Excess amounts
Too much iodine may also cause goiter, but not at levels usually consumed.
8. IRON
Iron has the longest and best described history among all the micronutrients. It is a
key element in the metabolism of almost all living organisms. In humans, iron is an
essential component of hundreds of proteins and enzymes.
Functions
Iron is an essential part of hemoglobin, which carries and stores oxygen in body
cells. Iron is required for electron transport and energy metabolism and a number
of vital functions, including growth (DNA synthesis), reproduction, healing, and
immune function.
Deficiency problems
The common problems related to iron deficiency are anemia, fatigue, and
infections. Deficiencies are more common among women with regular menstrual
periods.
Food sources
Some iron from animal sources is better absorbed than that from plant sources.
Sources include meat, poultry, seafood, legumes, nuts and seeds, breads, cereals,
and other grain products.
Excess amounts
Adult iron supplements can be harmful to children; seek immediate medical
attention if children accidentally take adult iron supplements. Iron supplements
should not be taken by men, post menopausal women or people with a genetic
problem called hemochromatosis.
9. MANGANESE
Manganese is a mineral element that is both nutritionally essential and potentially
toxic.

FOOD CHEMISTRY

149

Functions
Manganese plays an important role in a number of physiological processes as a
constituent of some enzymes and an activator of other enzymes. Manganese as an
enzyme constituent works as an antioxidant in mitochondria (manganese
superoxide dismutase), as principal enzymes in carbohydrate-, protein-, and
cholesterol metabolism. In a complex way, the mineral is related to wound healing,
and bone development.
Deficiency problems
In humans, the deficiency problem is rare.
Food sources
Whole grain products, tea, and some fruits and vegetables such as pineapple, kale
and strawberries are good sources of manganese.
Excess amounts
Consuming harmful levels of manganese from food is very rare.
10. MOLYBDENUM
Molybdenum is an essential trace element for virtually all life forms. It functions as
a cofactor for a number of enzymes that catalyze important chemical
transformations in the global carbon, nitrogen, and sulfur cycles. Thus,
molybdenum-dependent enzymes are not only required for the health of the earth’s
people, but for the health of its ecosystems as well.
Functions
The biological form of molybdenum present in almost all molybdenum-containing
enzymes (molybdoenzymes) is an organic molecule known as the molybdenum
cofactor. In humans, molybdenum is known to function as a cofactor for three
enzymes, viz., (i) sulfite oxidase, (ii) xanthine oxidase, and (iii) aldehyde oxidase.
Sulfite oxidase catalyzes the transformation of sulfite to sulfate, a reaction that is
necessary for the metabolism of sulfur-containing amino acids, such as cysteine.
Xanthine oxidase and aldehyde oxidase catalyze hydroxylation reactions involving
a number of different molecules with similar structures. Xanthine oxidase catalyzes
the breakdown of nucleotides (precursors to DNA and RNA) to form uric acid,
which contributes to the antioxidant capacity of the blood. Xanthine oxidase and
aldehyde oxidase also play a role in the metabolism of drugs and toxins. Of these
three enzymes, only sulfite oxidase is known to be crucial for human health.
Molybdenum works with riboflavin to incorporate iron into hemoglobin for red
blood cells. It is also part of many body enzymes.
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Deficiency problems
Molybdenum deficiency is rare with a normal diet and has never been observed in
healthy humans.
Food sources
Milk, legumes, breads, and grain products are the notable food sources of
molybdenum.
11. SELENIUM
Selenium is a trace element that is essential in small amounts, but can be toxic in
larger amounts. Humans and animals require selenium for the function of a number
of selenium-dependent enzymes, also known as selenoproteins. During
selenoprotein synthesis, selenocysteine is incorporated into a very specific location
in the amino acid sequence in order to form a functional protein. Unlike animals,
plants do not appear to require selenium for survival. However, when selenium is
present in the soil, plants incorporate it non-specifically into compounds that
usually contain sulfur.
Functions
There are at least 11 selenoproteins that have diverse metabolic roles. Almost all of
them have an antioxidant function. Selenium works as an antioxidant with vitamin
E to protect body cells from damage that may lead to cancer, heart disease, and
other health problems. It also aids cell growth.
Deficiency problems
Selenium deficiency may affect the heart, leading to cardiomyopathy (Keshan
disease) and osteoarthritis (Kashin-Beck disease, characterized by degeneration of
articular cartilage).
Food sources
The important food sources are seafood, liver, kidney, and other meats. Grain
products and seeds also contain selenium, but the amount depends on the type of
soil in which they were grown.
12. ZINC
Functions
Zinc is essential for growth. It promotes cell reproduction, tissue growth, repair,
and wound healing. It forms part of more than 70 body enzymes and helps the body
use carbohydrate, protein, and fat.
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Deficiency problems
Deficiency leads to birth defects and retarded growth during childhood. Appetite
loss, decreased sense of taste and smell, skin changes, and reduced resistance to
infection are other symptoms.
Food sources
Meat, liver and seafood are the best sources. Whole-grain products, wheat bran,
legumes, and soybeans are good sources.
Excess amounts
Excess zinc intake comes from supplements and can cause gastrointestinal
irritation, vomiting, reduced HDL ("good") cholesterol levels, and can interfere
with copper absorption and immune function.
13. CHLORIDE
Functions
Chloride helps regulate fluids in and out of body cells. It forms part of stomach
acid to help digest food and absorb nutrients. It also helps transmit nerve impulses.
Deficiency problems
The deficiency problems are rare, as chloride is found in table salt. Heavy,
persistent sweating, chronic diarrhea or vomiting, trauma or kidney disease may
cause deficiencies.
Food sources
The best source is table salt.
Excess amounts
Excess chloride may be linked to high blood pressure in chloride-sensitive people,
but more study is needed.
14. POTASSIUM
Potassium is an essential dietary mineral that is also known as an electrolyte. The
normal functioning of our bodies depends on the tight regulation of potassium
concentrations both inside and outside of cells.
Functions
Potassium helps maintain membrane potential, acts as cofactor for enzymes (e.g.,
pyruvate kinase), regulate fluids, and balance mineral levels in and out of body
cells. It also helps maintain normal blood pressure, transmit nerve impulses, and
contract muscles.
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Potassium is the principal positively charged cation in the fluid inside of cells,
while sodium is the principal cation in the fluid outside of cells. Potassium
concentrations are about 30 times higher inside than outside cells, while sodium
concentrations are more than 10 times lower inside than outside cells. The
concentration differences between potassium and sodium across cell membranes
create an electrochemical gradient known as the membrane potential. A cell’s
membrane potential is maintained by ion pumps in the cell membrane, especially
the sodium, potassium-ATPase pumps. These pumps use ATP to pump sodium out
of the cell in exchange for potassium. Their activity has been estimated to account
for 20%-40% of the resting energy expenditure in a typical adult. The large
proportion of energy dedicated to maintaining sodium/potassium concentration
gradients emphasizes the importance of this function in sustaining life.
Deficiency problems
Prolonged vomiting, diarrhea, laxative use or kidney problems can result in
deficiencies of potassium. Symptoms include weakness, appetite loss, nausea and
fatigue. Supplements may be necessary for people taking high blood pressure
medication (check with your doctor).
Food sources
Potassium is available in fruits, vegetables, fresh meat, poultry, and fish. Particularly
good sources include apricots, avocados, bananas, cantaloupe, grapefruit, honeydew,
kiwi, oranges, prunes, strawberries, potatoes, tomatoes, and dried fruits.
Excess amounts
Excess potassium is usually excreted; if this doesn't happen, as in people with some
types of kidney disease, heart problems can occur.
15. SODIUM
Salt (sodium chloride) is essential for life. The tight regulation of the body’s
sodium and chloride concentrations is so important that multiple mechanisms work
in concert to control them. Although scientists agree that a minimal amount of salt
is required for survival, the health implications of excess salt intake represent an
area of considerable controversy among scientists, clinicians, and public health
experts.
Sodium (Na+) and chloride (Cl) are the principal ions in the fluid outside of cells
(extracellular fluid), which includes blood plasma. As such, they play critical roles
in a number of life-sustaining processes.
Functions
Sodium helps nutrient absorption and transport, regulate movement of body fluids
in and out of the body, transmit nerve impulses, relax muscles, and maintain
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membrane potential, blood volume and pressure. In general, sodium retention
results in water retention and sodium loss results in water loss. Below are
descriptions of two of the many systems that affect blood volume and blood
pressure through sodium regulation.
In response to a significant decrease in blood volume or pressure (e.g., serious
blood loss or dehydration), a series of enzymatic reactions occur to produce a small
peptide called angiotensin II that stimulates constriction of small arteries, resulting
in increased blood pressure. Retention of sodium by the kidneys increases the
retention of water, resulting in increased blood volume and blood pressure
Deficiency problems
Sodium deficiency is quite unlikely, except with chronic diarrhea, vomiting or
kidney problems. Symptoms include nausea, dizziness, and muscle cramps.
Healthy people excrete excess sodium, but some kidney diseases interfere with
sodium excretion, leading to fluid retention and swelling. Sodium-sensitive people
eating a daily diet that contains high levels of sodium may experience high blood
pressure.
Food sources
Processed foods account for about 75% of the sodium we eat. Another 25% comes
from table salt. Only a small amount occurs naturally in food.
METHODS OF DETERMINATION OF MINERALS
Total mineral in an organic material such as food is customarily termed total ash.
Ash is the inorganic residue from the incineration of organic matter. The amount
and composition of ash in food depends on the method of ashing used and the
nature and type of food. Ash represents all the minerals that do not volatilize at
ashing temperature.
Ash and mineral contents in most food items are determined by first destroying the
organic matter. The destruction can be carried out by two main methods, viz., (i) dry
ashing, and (ii) wet ashing (also called wet oxidation or wet digestion), the former
being more widely used.
The choice of the procedure depends on nature of the organic material, the nature
of any inorganic constituent present, the metal to be determined, and the sensitivity
of the method used for determination. A brief description of both the methods is
given in the following paragraphs:
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Table 7-1: The mineral content of fresh milk
Mineral
Sodium (mg)
Potassium (mg)
Chloride (mg)
Calcium (mg)
Magnesium (mg)
Phosphorus (mg)
Iron (g)
Zinc (g)
Copper (g)
Manganese (g)
Iodine (g)
Fluoride (g)
Selenium (g)
Cobalt (g)
Chromium (g)
Molybdenum (g)
Nickel (g)
Silicon (g)
Vanadium (g)
Tin (g)
Arsenic (g)

Content per liter
350-900
1100-1700
900-1100
1100-1300
90-140
900-1000
300-600
2000-6000
100-600
20-50
260
30-220
5-67
0.5-1.3
8-13
18-120
0-50
750-7000
tr-310
40-500
20-60

1. DRY ASHING
This is applicable to most common minerals except mercury and arsenic. It is
particularly useful in the determination of acid-insoluble and water-soluble
materials.
The sample is incinerated at temperatures ranging from 400-700°C (most
commonly around 550°C) and the residue that remains is weighed to get total ash.
The temperature range can be varied, depending on the objective of the ashing. For
instance, zinc and potassium will be lost if temperatures exceeding 480°C and
450°C (respectively) are used. Excessive heating may also make certain metallic
compounds insoluble (as in the case of tin).
Dry ashing is done in special crucibles. Porcelain and silica crucibles are widely
used because of their good weight constancy and relatively low price. They can
withstand up to 1200°C. They are easily cleanable with dilute HCl. However, they
are susceptible to alkali and sudden temperature changes.
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The forms of mineral constituents in ash differ considerably from their forms in the
original food. Thus, calcium oxalates are converted into carbonates, and upon
further ashing, to oxides.
Dry ashing is arguably rapid compared to wet ashing. The method requires less
attention and does not need a blank. One of the limitations of dry ashing is that
certain trace elements are absorbed by silica or porcelain crucibles. Foods with
high phosphorus to base ratio fuse to give a dark melt in which carbon particles are
trapped and will not burn. In spite of this draw back, dry ashing is still the most
widely used technique for the determination of total ash and most minerals because
of its simplicity and rapidity.
2. WET ASHING
Wet ashing is the digestion of samples for the determination of trace elements and
metallic poison (e.g., lead and arsenic). Mixed acids are generally used for
decomposing the organic matter. The mixture of H2SO4 and HNO3 is recommended
by many workers but there are several variations available. The digestion is done in
special glass apparatus.
DETERMINATION OF CALCIUM
Calcium can be determined from the ash solution by two general methods, viz.,
(i) permanganate titration method, and (ii) flame photometer. The most widely
used routine method of calcium determination in foods is by permanganate titration
method.
PERMANGANATE TITRATION METHOD
In principle, the food sample is dry-ashed and the calcium is precipitated as
calcium oxalate. The precipitate is recovered by filtration and dissolved in hot
dilute H2SO4. The solution is then titrated with standard KMnO4 for volumetric
determination of calcium. 1ml of 0.01N KMnO4 is equivalent to 0.2mg calcium.
For KMnO4 solution of strength exactly 0.01N, calcium content is calculated as
follows:
Calcium (mg/100g, dry basis) =

Titer ×0.2× total vol. of ash solution(ml)×100×100
Vol. taken for estimation× wt. of sample(g)×Dry matter(%)

DETERMINATION OF IRON CONTENT
In food samples, iron content is present in extremely small amounts. Colorimetric
methods are therefore more sensitive and reliable for the determination of iron
content in foods. In most solid food samples, iron is determined on ash solution.
The most widely adopted method relies on the conversion of all the iron in the ash
solution into ferric form using oxidizing agents like potassium persulfate (K2S2O8)
or hydrogen peroxide (H2O2) and treating thereafter with potassium thiocyanate

156

VITAMINS

(KSCN) to form the red ferric thiocyanate. The intensity of the red color is
proportional to the absorbance obtained in a colorimeter at a wavelength of 480nm.
Absorbance in turn is proportional to the iron content in the ash solution. The iron
content in the ash solution can then be determined by comparing with standard
curve of absorbance versus iron concentration. The standard curve is constructed
by using known amounts of iron (usually 0.1 to 0.5mg). If the standard consists of
only one concentration (instead of a series of graded concentrations), a simple
formula for calculating iron content from colorimetric reading is:
Absorbance
mg iron/ml of
Total volume of
x
x
x 100 x 100
of sample
standard solution
ash solution (ml)
Iron
=
Absorbance
Aliqout of ash Wt. of sample taken
(mg/100g, db)
x
x
x Dry matter (%)
of standard
solution (ml)
for ashing (g)

DETERMINATION OF POTASSIUM
Potassium is determined universally by flame photometer. The test is done on ash
solution but the temperature for ashing should not exceed 450°C (potassium is lost
by volatilization at temperatures exceeding 450°C). Potassium solution is atomized
in an oxyhydrogen or oxyacetylene flame of the flame photometer. The flame
excites atoms of potassium causing them to emit radiations at specific wavelengths
(768nm). The amount of radiation emitted is measured by the emission flame
photometer. Under standard conditions, the amount of emission is proportional to
the concentration of potassium in the sample solution. Very often, the instrument is
standardized with known concentrations of potassium prepared from potassium
chloride.
The determination of sodium is similar to that of potassium but the wavelength
chosen is 589nm. AR-grade NaCl is used for the standardization of the flame
photometer.

CHAPTER 9: VITAMINS IN FOODS
The term vitamin refers to an essential dietary factor which is required by an
organism in small amounts and whose absence results in deficiency diseases. The
term vitamin is derived from the words vital and amine, because vitamins are
required (vital) for life and were originally thought to be amines. As we now know,
not all vitamins are amines.
Vitamins are important for their regulatory and protective functions. Unlike most
other nutrients they are required in very small amounts. But it is necessary to
provide these in the diet because many of them cannot be synthesized in the body.
The lack of vitamins results in definite deficiency disorders, which are specific for
each particular vitamin. Excess intake of any vitamin, however, is harmful.
Vitamins are normally classified on the basis of their solubility (in water or fat)
into two broad groups, (i) water-soluble, and (ii) fat-soluble. Fat-soluble vitamins
include A, D, E, and K, and water-soluble vitamins include the B-group vitamins
and vitamin C. Foods differ greatly in the amount and kinds of the vitamins they
supply.
(I) FAT SOLUBLE VITAMINS
1. VITAMIN A
Vitamin A is a generic term for a large number of related polyisoprenoid
compounds with a -ionone ring and several double bonds. Retinol (an alcohol)
and retinal (an aldehyde) are often referred to as preformed vitamin A. Retinal can
be converted by the body to retinoic acid, the form of vitamin A known to affect
gene transcription. Retinol, retinal, retinoic acid, and related compounds are known
as retinoids.
Preformed Vitamin A is present in animal foods only, e.g., fish liver oils and egg
yolk. Vitamin A is also formed in the body from provitamin A carotenoids, which
include -carotene and other carotenoids. Hundreds of different carotenoids are
synthesized by plants, but only about 10% of them are provitamin A carotenoids.
Provitamins occur in plants such as, carrot, mango, and dark-green leaves like
spinach, amaranth, and coriander. The most important provitamin A carotenoids
are carotenes, which include -, -, and γ-carotene. The chief source of vitamin A
in human nutrition is -carotene. Although a molecule of -carotene yields two
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moles of vitamin A, the in vivo conversion is only partial (25 to 50%). The
structure of vitamin A and its precursor -carotene are shown in Fig. 8-1.
Vitamin A1 is the name given to retinol and this occurs in all animals and fish.
Vitamin A2 is the name given to dehydroretinol and this occurs in freshwater fish
and not in land animals. The biological value of vitamin A2 is only about 40% of
that of vitamin A1.
Retinol activity equivalency (RAE)
Different dietary sources of vitamin A have different potencies. For example, carotene is less easily absorbed than retinol and must be converted to retinal and
retinol by the body. The most recent international standard of measure for vitamin
A is retinol activity equivalency (RAE), which represents vitamin A activity as
retinol. In this system, 2g of -carotene in oil provided as a supplement can be
converted by the body to 1g of retinol giving it an RAE ratio of 2:1. However,
12g of -carotene from foods are required to provide the body with 1g of retinol,
giving dietary -carotene an RAE ratio of 12:1. Other provitamin A carotenoids in
foods are less easily absorbed than -carotene, resulting in RAE ratios of 24:1. The
RAE ratios for -carotene and other provitamin A carotenoids are shown in Table
8-1. An older international standard, still commonly used, is the international unit
(IU). One IU is equivalent to 0.3g of retinol.
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Fig. 8-1: -carotene and vitamin A species
Importance of vitamin A
Vitamin A has a number of different functions in the body, the well-known
functions are discussed in the paragraphs that follow:
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Table 8-1: Retinol activity equivalency (RAE) ratios for -carotene and other
provitamin A carotenoids
Quantity Consumed
1g of dietary or supplemental
vitamin A
2g of supplemental -carotene
12g of dietary -carotene
24g of dietary -carotene
24g of dietary -cryptoxanthin

Quantity bioconverted to retinol
1g of retinol*

RAE ratio
1:1

1g of retinol
1g of retinol
1g of retinol
1 g of retinol

2:1
12:1
24:1
24:1

*One IU is equivalent to 0.3g of retinol, and 1.0g of retinol is equivalent to 3.33 IU of
retinol.

Vision
Inadequate retinol available to the retina results in impaired dark adaptation, known
as "night blindness."
Under normal condition (when adequate vitamin A is present) the retina stores
retinol as retinyl ester. When the light available for the vision is far too little,
retinyl ester is hydrolyzed and oxidized to retinal. Retinal now binds with a special
protein called opsin to form a visual pigment called visual purple or rhodopsin.
This pigment sensitizes the rod cells, which are responsible for vision in the dark.
Visual purple is bleached (photolyzed) by the action of light and must be reformed
by the rod cells under conditions of darkness. This requires continuous supply of
retinol. Hence a person who steps from sunlight into a darkened room cannot see
until the pigment begins to form. When the pigment has formed and the eyes are
sensitive to low levels of illumination, the eyes are said to be dark-adapted.
Health of epithelia tissues
Epithelial tissues are specialized tissues that cover the outer surface of the body
and line the major cavities and all the tubular systems in the body. They function as
a barrier and form the body’s first line of defense against infection. The inner part
of these tissues is secretory. Inadequate vitamin A supply results in suppression of
normal secretions and produces a keratinized (dry, horny) type of epithelium. Such
tissues may become susceptible to bacterial invasion.
Immunity
Vitamin A is commonly known as the anti-infective vitamin, because it is required
for normal functioning of the immune system. Vitamin A and retinoic acid (RA)
play a central role in the development and differentiation of white blood cells, such
as lymphocytes that play critical roles in the immune response. Activation of Tlymphocytes, the major regulatory cells of the immune system, requires vitamin A.
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Growth and development
Both vitamin A excess and deficiency are known to cause birth defects. Retinol and
retinoic acid (RA) are essential for embryonic development. During fetal
development, RA functions in limb development and formation of the heart, eyes,
and ears. Additionally, RA has been found to regulate expression of the gene for
growth hormone.
Red blood cell production
Red blood cells, like all blood cells, are derived from precursor cells called stem
cells. These stem cells are dependent on retinoids for normal differentiation into
red blood cells. Additionally, vitamin A appears to facilitate the mobilization of
iron from storage sites to the developing red blood cell for incorporation into
hemoglobin, the oxygen carrier in red blood cells
Regulation of gene expression
Retinoic acid and its isomers act as hormones to affect gene expression and thereby
influence numerous physiological processes. Through the stimulation and
inhibition of transcription of specific genes, retinoic acid plays a major role in
cellular differentiation (the specialization of cells for highly specific physiological
roles). Most of the physiological effects attributed to vitamin A appear to result
from its role in cellular differentiation.
Stability of vitamin A
Vitamin A is used to fortify margarine, vanaspati, and skim milk. It is added to
vanaspati at a level of 300IU per gram. Some carotenoids (provitamin A) are used
as food colors.
Vitamin A is relatively stable to heat in the absence of oxygen. Because of highly
unsaturated nature of the molecule, it is quite susceptible to oxidation in the
presence of light and oxygen. Vitamin A is unstable under the influence of mineral
acids but stable in alkali. Possible losses of vitamin A during storage of foods are
more affected by duration of storage than by storage temperature. Blanching of
fruits and vegetables helps prevent losses during frozen storage. Pasteurization of
milk does not result in vitamin A loss, but exposure to light does. It is essential,
therefore, that sterilized milk be packaged in light-impervious containers.
2. VITAMIN D
Vitamin D occurs in several forms. The two most important forms are vitamin D2
or ergocalciferol, and vitamin D3, or cholecalciferol. The precursors of vitamins D2
and D3 are ergosterol (plant steroid) and 7-dehydrocholesterol (present in animal
tissues), respectively. These precursors or provitamins can be converted into the
respective D vitamins by irradiation with ultraviolet light.
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In animal tissues, 7-dehydrocholesterol, which occurs naturally in the epidermal
layers, can be converted by UV radiation to vitamin D3. Vitamin D is therefore
sometimes called ‘sunshine vitamin’.
Vitamin D3 is widely distributed in animal products, but large amounts occur only
in fish liver oils. Smaller quantities of vitamin D3 occur in eggs, milk, and other
fortified foods.
The structures of vitamins D2 and D3 are shown in Fig. 8-2.
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Fig. 8-2: Structures of vitamin D2 and D3
Vitamin D itself is biologically inactive, and it must be metabolized to its
biologically active forms. After it is consumed in the diet or synthesized in the skin,
vitamin D3 enters the circulation where it undergoes of hydroxylation in liver to
form 25-hydroxyvitamin D3 [25(OH)D3], the major circulating form of vitamin D.
In the kidney and other tissues, 25(OH)D3 undergoes another hydroxylation to
form 1,25-dihydroxyvitamin D3 [1,25(OH)2D3]  the most potent form of vitamin
D. Most of the physiological effects of vitamin D in the body are related to the
activity of 1,25(OH)2D3.
The unit of vitamin D is the IU, which is equivalent to the activity of 0.025g of
crystalline vitamin D2 or D3.
Vitamin D is extremely stable, and little or no loss is experienced in processing and
storage. Vitamin D can be added to vanaspati, margarine, and milk for fortification.
Importance of vitamin D
Calcium Balance
Maintenance of serum calcium levels within a narrow range is vital for normal
functioning of the nervous system, as well as for bone growth, and maintenance of
bone density. Vitamin D is essential for the efficient utilization of calcium by the
body. Vitamin D achieves calcium balance by:
1. Increasing the intestinal absorption of dietary calcium
2. Increasing the reabsorption of calcium filtered by the kidneys
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3. Mobilizing calcium from bone when there is insufficient dietary calcium to
maintain normal serum calcium levels
Cell differentiation
Cells that are dividing rapidly are said to be proliferating. Differentiation results in
the specialization of cells for specific functions. In general, differentiation of cells
leads to a decrease in proliferation. While cellular proliferation is essential for
growth and wound healing, uncontrolled proliferation of cells with certain
mutations may lead to diseases like cancer. The active form of vitamin D,
1,25(OH)2D3, inhibits proliferation and stimulates the differentiation of cells.
Immunity
Vitamin D in the form of 1,25(OH)2D3 is a potent immune system modulator. The
vitamin D response (VDR) is expressed by most cells of the immune system,
including T-cells and antigen-presenting cells, such as dendritic cells and
macrophages. There is considerable scientific evidence that 1,25(OH)2D3 has a
variety of effects on immune system function that may enhance innate immunity
and inhibit the development of autoimmunity.
Insulin secretion
The VDR is expressed by insulin secreting cells of the pancreas, and the results of
animal studies suggest that 1,25(OH)2D3 plays a role in insulin secretion under
conditions of increased insulin demand. Limited data in humans suggests that
insufficient vitamin D levels may have an adverse effect on insulin secretion and
glucose tolerance in Type 2 diabetes (noninsulin-dependent diabetes mellitus,
NIDDM).
Blood pressure regulation
The rennin-angiotensin system plays an important role in the regulation of blood
pressure. Studies indicate that 1,25(OH)2D3 decreases the expression of the gene
encoding rennin through its interaction with the VDR. Since inappropriate
activation of the rennin-angiotensin system is thought to play a role in some forms
of human hypertension, adequate vitamin D levels may be important for decreasing
the risk of high blood pressure.
Vitamin D deficiency leads to rickets, osteomalacia, and muscle weakness and pain.
Rickets results in infants and children due to failure of bone to mineralize. The
growth plates of bones continue to enlarge, but in the absence of adequate
mineralization, weight-bearing limbs (arms and legs) become bowed.
3. VITAMIN E
The term vitamin E describes a family of eight antioxidants, viz., four tocopherols
(-,-, γ- and δ-) and four tocotrienols (also -,-, γ- and δ-). -tocopherol is the
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only form of vitamin E that is actively maintained in the human body and is
therefore, the form of vitamin E found in the largest quantities in the blood and
tissue.
Major sources of -tocopherol in the diet include vegetable oils, nuts, whole grains,
and green leafy vegetables. All eight forms of vitamin E (alpha-, beta, gamma-, and
delta-tocopherols and tocotrienols) occur naturally in foods, but in varying amounts.
With few exceptions, vegetable oils contain 10-60mg tocopherol/100g, 60% of
which is -tocopherol. The structures of some vitamin E are given in Fig. 8-3.
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Fig. 8-3: Structures of some vitamin E
The biological activity of the tocopherols and tocotreinoids varies with the number
and position of the methyl groups on the chroman ring and by the configuration of
the asymmetric carbons in the side chain.
Importance of vitamin E
The main function of -tocopherol in humans appears to be that of an
antioxidant. Free radicals are formed primarily in the body during normal
metabolism and also upon exposure to environmental factors such as cigarette
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smoke or pollutants. Fats, which are an integral part of all cell membranes, are
vulnerable to destruction through oxidation by free radicals. The fat-soluble
vitamin, -tocopherol, is uniquely suited to intercepting free radicals and
preventing a chain reaction of lipid destruction (see page 121). When a molecule
of -tocopherol neutralizes a free radical, it is altered in such a way that its
antioxidant capacity is lost. However, other antioxidants, such as vitamin C, are
capable of regenerating the antioxidant capacity of -tocopherol. Prevention of
undesirable oxidations in the body has many implications, ranging anything from
stabilizing membranes to working as antisterility factor.
Aside from maintaining the integrity of cell membranes throughout the body, tocopherol also protects the fats in low density lipoproteins (LDLs) from
oxidation. Lipoproteins are particles composed of lipids and proteins, which are
able to transport fats through the blood stream. LDLs transport cholesterol from
the liver to the tissues of the body. Oxidized LDLs have been implicated in the
development of cardiovascular diseases.
Several other functions of -tocopherol have been identified, which likely are not
related to its antioxidant capacity. -tocopherol is known to inhibit the activity of
protein kinase C, an important cell signaling molecule, as well as to affect the
expression and activity of immune and inflammatory cells. Additionally, tocopherol has been shown to inhibit platelet aggregation and to enhance
vasodilation.
The function of γ-tocopherol in humans is presently unclear. Although the most
common form of vitamin E in the diet is γ-tocopherol, blood levels of γ-tocopherol
are generally ten times lower than those of -tocopherol.
Although true vitamin E deficiency is rare, suboptimal intake of vitamin E is
relatively common. Severe vitamin E deficiency results mainly in neurological
symptoms, including impaired balance and coordination (ataxia), injury to the
sensory nerves (peripheral neuropathy), muscle weakness (myopathy), and damage
to the retina of the eye (pigmented retinopathy). For this reason, people who
develop peripheral neuropathy, ataxia or retinitis pigmentosa should be screened
for vitamin E deficiency.
Vitamin E is lost in variable amounts during processing of foods. Steam
deodorization and physical refining of vegetable oils remove most of the
tocopherols. These can be collected and used as commercial source of tocopherol.
Heat (frying or boiling), storage, etc., all reduce vitamin E.
4. VITAMIN K
The "K" is derived from the German word "koagulation", which refers to
coagulation (blood clotting), because vitamin K is essential for the functioning of
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several proteins involved in blood clotting. Vitamins K are naphthoquinones with
isoprenoid side chains. There are two naturally occurring forms of vitamin K the
structures of which are given in Fig. 8-4.
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Fig. 8-4: Two forms of vitamin K
Plants synthesize phylloquinone, also known as vitamin K1. Intestinal bacteria
synthesize a range of vitamin K forms, using repeating 5-carbon units in the side
chain of the molecule. These forms of vitamin K are designated menaquinone-n
(MK-n), where n stands for the number of 5-carbon units (n = 4,5,6,7, ….). MK-n
are collectively referred to as vitamin K2. Menadione or vitamin K3 is a synthetic
product with vitamin K activity.
Vitamin K occurs widely in foods and is also synthesized by the intestinal flora.
Good sources of vitamin K are dark green vegetables such as spinach and cabbage
leaves, and also cauliflower, peas, and cereals. Animal products contain little
vitamin K1, except for pork liver, which is a good source.
Importance of vitamin K
The only known biological role of vitamin K is as a coenzyme for a vitamin Kdependent carboxylase that catalyzes the carboxylation of the glutamic acid into
gamma-carboxyglutamic acid (Gla). Coenzymes are organic molecules that are
required by certain enzymes to form a fully functional enzyme (holoenzyme).
Without coenzymes, these particular enzymes are devoid of catalytic function and
this form of the enzyme is called apoenzyme. The relation of apoenzyme,
coenzyme, and holoenzyme is as follows:
Apoenzyme (non-functional) + coenzyme  Holoenzyme (fully functional)
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Although vitamin K-dependent gamma-carboxylation occurs only on specific
glutamic acid residues in a small number of proteins, it is critical to the calciumbinding function of those proteins.
Coagulation (clotting)
The ability to bind calcium ions (Ca2+) is required for the activation of the 7
vitamin K-dependent clotting factors in the coagulation cascade. The term
coagulation cascade refers to a series of interdependent events that stops bleeding
through clot formation. Vitamin K-dependent gamma-carboxylation of specific
glutamic acid residues in those proteins makes it possible for them to bind calcium.
Factors II (prothrombin), VII, IX, and X make up the core of the coagulation
cascade. Protein C and protein S are anticoagulant proteins that provide control and
balance in the coagulation cascade. Because uncontrolled clotting may be as life
threatening as uncontrolled bleeding, control mechanisms are built in to the
coagulation cascade. Vitamin K-dependent coagulation factors are synthesized in
the liver. Consequently, severe liver disease results in lower blood levels of vitamin
K-dependent clotting factors and an increased risk of uncontrolled bleeding
(hemorrhage).
Bone mineralization
Three vitamin-K dependent proteins have been isolated in bone. Osteocalcin is a
protein synthesized by osteoblasts (bone forming cells). The synthesis of
osteocalcin by osteoblasts is regulated by the active form of vitamin D,
1,25(OH)2D3 or calcitriol. The mineral-binding capacity of osteocalcin requires
vitamin K-dependent gamma-carboxylation of three glutamic acid residues.
Cell growth
Gas6 is a vitamin K-dependent protein that was identified in 1993. It has been
found throughout the nervous system, as well in the heart, lungs, stomach, kidneys,
and cartilage. Although the exact mechanism of its action has not been determined,
Gas6 appears to be a cellular growth regulation factor with cell signaling activities.
It may also play important roles in the developing and aging nervous system.
Overt vitamin K deficiency results in impaired blood clotting, usually
demonstrated by laboratory tests that measure clotting time. Symptoms include
easy bruising and bleeding that may be manifested as nosebleeds, bleeding gums,
blood in the urine, blood in the stool, tarry black stools, or extremely heavy
menstrual bleeding. In infants, vitamin K deficiency may result in life-threatening
bleeding within the skull (intracranial hemorrhage).
Vitamin K deficiency is uncommon in healthy adults for a number of reasons:
1) vitamin K is widespread in foods, 2) the vitamin K cycle conserves vitamin K,
and 3) bacteria that normally inhabit the large intestine synthesize menaquinones
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(vitamin K2), though it is unclear whether a significant amount is absorbed and
utilized.
Vitamin K is slowly decomposed by atmospheric oxygen but is readily destroyed
by light. It is stable against heat, but unstable against alkali.
(II) WATER-SOLUBLE VITAMINS
Water-soluble vitamins mostly have coenzyme function. Water-soluble vitamins
include following vitamins:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Thiamin or thiamine (vitamin B1)
Riboflavin (vitamin B2)
Niacin (vitamin B3)
Pantothenic acid (vitamin B5)
Pyridoxine (vitamin B6)
Biotin (vitamin B7)
Folic acid (vitamin B9)
Cyanocobalamin (vitamin B12)
L- ascorbic acid (vitamin C)

1. THIAMIN
Thiamin (C12H17N4OS) is composed of 4-methyl-5-hydroxyethylthiazole and 2,5dimethyl-4-aminopyrimidine (Fig. 8-5). It occurs in yeast, liver, outer layers of
cereal grains, soybeans, lean meat, etc. It is generally destroyed by heat, reducing
agents or oxidizing agents. During food processing operations, thiamin is
considerably reduced by heat, oxygen, sulfur dioxide, leaching, and neutral or
alkaline pH. Light has no effect. The enzyme is stable under acid conditions at pH
3.5 or below and can be autoclaved without significant loss.
Thiamin occurs in the human body as free thiamin and its phosphorylated forms:
thiamin monophosphate (TMP), thiamin triphosphate (TTP), and thiamin
pyrophosphate (TPP, also known as thiamin diphosphate). Commercial thiamin is
available as chloride, nitrate or HCl salt.
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Fig. 8-5: Thiamin and its coenzyme form

168

VITAMINS

Importance of thiamin
In the human body, thiamin has coenzyme as well non-coenzyme functions.
Thiamin pyrophosphate (TPP) is a required coenzyme for a small number of very
important enzymes. The synthesis of TPP from free thiamin requires magnesium,
adenosine triphosphate (ATP), and the enzyme, thiamin pyrophosphokinase. The
important enzyme systems in which TPP participate are:
1.
2.
3.
4.

-keto acid decarboxylases
-keto acid oxidases
Transketolase
Phosphoketolase

These reactions are related to carbohydrate and protein metabolisms. Thiamin
helps in glucose utilization by nerve tissues.
Thiamin also plays non-coenzyme role, which has following explanation: Thiamin
triphosphate (TTP) is concentrated in nerve and muscle cells. Research in animals
indicates that TTP activates membrane ion channels, possibly by phosphorylating
them. The flow of electrolytes like sodium or potassium in or out of nerve and
muscle cells through membrane ion channels plays a role in nerve impulse
conduction and voluntary muscle action. Impaired formation of TTP may play a
role in the neurological symptoms of severe thiamin deficiency.
Thiamin deficiency results in a deficiency disease called beriberi, which is further
divided into (i) dry beriberi, (ii) wet beriberi, and (iii) cerebral beriberi, depending
on the systems affected by severe thiamin. In all these forms, pyruvate in blood
rises to abnormal levels.
The main feature of dry beriberi (paralytic or neuritic beriberi) is peripheral
neuropathy. It is characterized by burning feet syndrome, abnormal reflexes, muscle
pain, seizures, etc. Wet beriberi (cardiac beriberi or edematous beriberi) is
characterized by cardiovascular manifestations, which include rapid heart beat,
enlargement of heart, severe swelling (edema), etc. Cerebral beriberi (WernickeKorsakoff syndrome) is characterized by "triad" of signs, which include (i) abnormal
eye movements, (ii) stance and gait abnormalities, and (iii) abnormalities in mental
function.
The disease has been found in regions where polished rice is extensively used.
Polishing results in the loss of thiamin present in the outer layer of rice.
2. RIBOFLAVIN (VITAMIN B2)
The molecule consists of a D-ribitol unit attached to an isoalloxazine ring (Fig. 8-6).
Anything more than a minor change in the molecule results in the loss of vitamin
activity.
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Good sources of riboflavin are yeast, liver, milk, wheat germ, eggs, green leafy
vegetables, and germinated legumes. In the body, riboflavin is primarily found as
an integral component of the coenzymes, flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN). Coenzymes derived from riboflavin are also called
flavins. Enzymes that use a flavin coenzyme are called flavoproteins. In milk, the
vitamin occurs in free form.
The aqueous solution of riboflavin emits a yellowish green fluorescence. It is acidstable, thermostable, alkali-labile, and photolabile. It is oxidized by strong
oxidizing agents.
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Fig. 8-6: Riboflavin and its coenzyme forms, involvement in redox reaction
Under the influence of light and alkaline pH, riboflavin is transformed into
lumiflavin, an inactive compound with a yellowish green fluorescence. Under acid
conditions riboflavin is transformed into another inactive derivative, lumichrome,
and ribitol. This compound has a blue fluorescence. The transformation into
lumiflavin in milk results in the destruction of ascorbic acid.
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The light sensitivity of riboflavin results in losses up to 50% when milk is exposed
to sunlight for two hours. The nature of packaging material significantly affects the
extent of riboflavin destruction. The visible light of wavelengths in the 500-520nm
is the most destructive.
Importance of riboflavin
Riboflavin is used for fortification of food products and feed. Riboflavin works
principally as a coenzyme in enzyme systems that take part in oxidation-reduction
(redox) reactions. Flavoproteins are critical for the metabolism of carbohydrates,
fats, and proteins. FAD is part of the electron transport chain, which is central to
energy production.
Flavoproteins also have antioxidant function. Glutathione reductase, glutathione
peroxidase, and xanthine oxidase are FAD dependent enzymes. Glutathione
reductase protects organisms from reactive oxygen species. Glutathione peroxidase
breaks down hydroperoxides. Xanthine oxidase catalyzes oxidation of
hypoxanthine and xanthine to uric acid, which is one of the most effective
antioxidants in the blood.
Ariboflavinosis is the medical name for clinical riboflavin deficiency. Riboflavin
deficiency is rarely found in isolation; it occurs frequently in combination with
deficiencies of other water-soluble vitamins. Symptoms of riboflavin deficiency
include sore throat, redness and swelling of the lining of the mouth and throat,
cracks or sores on the outsides of the lips (cheliosis) and at the corners of the
mouth (angular stomatitis), inflammation and redness of the tongue (magenta
tongue), a moist, scaly skin inflammation (seborrheic dermatitis), the formation of
blood vessels in the clear covering of the eye (vascularization of the cornea), and
decreased red blood cell count. Severe riboflavin deficiency may result in
decreased conversion of vitamin B6 to its coenzyme form and decreased conversion
of tryptophan (an essential amino acid) to niacin (vit B3).
3. NIACIN (VITAMIN B3)
The term niacin (the official name) refers to nicotinic acid and nicotinamide, which
are both used by the body to form the coenzymes, viz., nicotinamide adenine
dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP).
Neither form is related to the nicotine found in tobacco, although their names are
similar. The structure of the vitamin and its coenzyme form is given in Fig. 8-7.
This vitamin occurs in yeast, liver, legumes, peanuts, and outer coats of cereals.
Meat, fish, prawn and other proteins rich in tryptophan may also serve as sources
of this vitamin, because niacin can be synthesized from tryptophan in some animals.
Niacin is probably the most stable of B vitamins. It is unaffected by light, heat,
oxygen, acid, or alkali. The main loss resulting from processing involves leaching
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into the process water. Blanching of vegetables may cause a loss of about 15%.
Processes in which brine is used may cause losses of up to 30%. Application of
heat, such as roasting or baking increases the amount of available niacin. This
results from the change of bound niacin to the free form.
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Fig. 8-7: Niacin and its coenzyme forms
Importance of niacin
Niacin plays a role as coenzyme in as many as 200 enzymes. Niacin is involved in
redox as well as non-redox reactions. In the redox type, NAD functions most often
in reactions involving catabolism of carbohydrates, fats, proteins, and alcohol to
produce energy. NADP functions more often in anabolic reactions, such as the
synthesis of fatty acids and cholesterol.
In the non-redox type, NAD functions as a substrate for two classes of enzymes,
viz., mono-ADP-ribosyltransferases and poly-ADP-ribose polymerase. The
reaction has relation to DNA replication and repair, cell differentiation, cell
signaling, cancer preventions, etc.
Niacin deficiency causes a deficiency disease commonly known as pellagra.
Pellagra may result from inadequate dietary intake of niacin and/or tryptophan. The
symptoms of pellagra are commonly referred to as the four D’s, viz., dermatitis,
diarrhea, dementia, and death. If untreated, pellagra is ultimately fatal.
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Pellagra is common in the regions where corn is the staple item. Maize contains
niacin in bound form and is not easily available. Heating the corn in alkaline
solution results in the release of bound niacin, thereby increasing its bioavailability.
The occurrence of pellagra has also been related to low levels of tryptophan present
in corn. On average, 1 mg of niacin can be synthesized from the ingestion of 60mg
of tryptophan. Thus, 60 mg of tryptophan are considered to be 1 mg of niacin
equivalents (NE). However, studies of pellagra in the southern United States during
the early twentieth century have produced conflicting results regarding the niacin
equivalence.
4. PANTOTHENIC ACID (VITAMIN B5)
Pantothenic acid is essential to all forms of life. It is found throughout living cells
in the form of coenzyme A (CoA, Fig. 8-9), a vital coenzyme in numerous
chemical reactions. The systematic name of this vitamin is ,γ-dihydroxy-,dimethylbutyryl-’-alanide and has the structure shown in Fig. 8-8.
Pantothenic acid is found in all living cells but good sources include yeast, liver,
kidney, egg yolk, legumes, and nuts. In animals, most of the pantothenic acid is in
bound form, but in milk only about one-fourth of the vitamin is bound.
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Fig. 8-8: Structure of pantothenic acid
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Fig. 8-9: Pantothenic acid and its coenzyme form
The vitamin is stable in air, and labile to dry heat. It is stable in solution in the pH
range 5-7 and less stable outside this range. Pasteurization and sterilization of milk
result in very little or no loss. Blanching of vegetables may involve losses of up to
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30%. Boiling in water involves losses that depend on the amount of water used.
The calcium and sodium salts are more stable.
Importance of the vitamin
The most important role of pantothenic acid is as coenzyme A in a variety of
reactions and in acyl carrier protein (in lipid synthesis). CoA is required for
chemical reactions that generate energy from food (fat, carbohydrates, and
proteins). The synthesis of essential fats, cholesterol, and steroid hormones requires
CoA, as does the synthesis of the neurotransmitter (acetylcholine) and the hormone
(melatonin).
Coenzyme A was named for its role in acetylation reactions. Most acetylated
proteins in the body have been modified by the addition of an acetate group that
was donated by CoA. Protein acetylation affects the 3-dimensional structure of
proteins, potentially altering their function, the activity of peptide hormones, and
appears to play a role in cell division and DNA replication. Protein acetylation also
affects gene expression by facilitating the transcription of mRNA. A number of
proteins are also modified by the attachment of long-chain fatty acids donated by
CoA. These modifications are known as protein acylation, and appear to play a
central role in cell signaling.
The acyl-carrier protein requires pantothenic acid in the form of 4'phosphopantetheine for its activity as an enzyme. Both CoA and the acyl-carrier
protein are required for the synthesis of fatty acids.
5. PYRIDOXINE (VITAMIN B6)
There are six forms of vitamin B6: pyridoxal (PL), pyridoxine (PN), pyridoxamine
(PM), and their phosphate derivatives: pyridoxal 5'-phosphate (PLP), pyridoxine 5'phosphate (PNP), and pyridoxamine 5'-phosphate (PMP). PLP is the active
coenzyme form, and is the most important in human metabolism.
The chemical name of pyridoxine is 2-methyl-3-hydroxy-4,5-hydroxymethylpyridine.
The structures of the species of vitamin B6 are shown in Fig. 8-10.
The different forms of vitamin B6 are distributed in many foods. Animal tissues
contain pyridoxal and pyridoxamine. Plants contain pyridoxine.
Pyridoxine is stable to heat and strong alkali or acid; it is sensitive to light,
especially ultraviolet light, and when present in alkaline solutions. Pyridoxal and
pyridoxamine are rapidly destroyed when exposed to air, heat, or light.
Pyridoxamine is readily destroyed in food processing operations.
Heat sterilization of milk has been reported to result in 36-49% loss of vitamin B6.
Losses also occur during storage, probably due to conversion of pyridoxal to
pyridoxamine or other forms of the vitamin. Food canning results in losses of
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vitamin B6 by 20-30%. Milling of wheat may result in losses of up to 90%, and
baking of bread up to 17%.
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Fig. 8-10: Vitamin B6 types
Importance of pyridoxine
The coenzyme PLP plays a vital role in the function of approximately 100 enzymes
that catalyze essential chemical reactions in the human body. For example, PLP
functions as a coenzyme for glycogen phosphorylase, an enzyme that catalyzes the
release of glucose stored in the muscle as glycogen. Much of the PLP in the human
body is found in muscle bound to glycogen phosphorylase. PLP is also a coenzyme
for reactions used to generate glucose from amino acids, a process known as
gluconeogenesis.
The vitamin also has nervous system function. The synthesis of serotonin (a
neurotransmitter) from tryptophan in the brain is catalyzed by a PLP-dependent
enzyme. Other neurotransmitters such as dopamine, norepinephrine, and gammaaminobutyric acid (GABA) are also synthesized using PLP-dependent enzymes.
PLP functions as a coenzyme in the synthesis of heme, a component of hemoglobin.
Hemoglobin is found in red blood cells and is critical to their ability to transport
oxygen throughout the body. Both PL and PLP are able to bind to the hemoglobin
molecule and affect its ability to pick up and release oxygen. However, the impact
of this on normal oxygen delivery to tissues is not known.
The human requirement for another vitamin, niacin, can be met in part by the
conversion of the dietary amino acid, tryptophan, to niacin, as well as through
dietary intake. PLP is a coenzyme for a critical reaction in the synthesis of niacin
from tryptophan. Thus, adequate vitamin B6 decreases the requirement for niacin in
the diet (provided that tryptophan is present in adequate amounts).
Steroid hormones, such as estrogen and testosterone, exert their effects in the body
by binding to specific receptors in the nucleus of the cell and altering gene
transcription. PLP binds to steroid receptors in such a manner as to inhibit the
binding of steroid hormones, thus decreasing their effects. The binding of PLP to
steroid receptors for estrogen, progesterone, testosterone, and other steroid
hormones suggest that the vitamin B6 status of an individual may have implications
for diseases affected by steroid hormones, such as breast cancer and prostate cancer.
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PLP serves as a coenzyme for a key enzyme involved in the mobilization of singlecarbon functional groups (one-carbon metabolism). Such reactions are involved in
the synthesis of nucleic acids. The effect of B6 deficiency on immune system
function may be partly related to the role of PLP in one-carbon metabolism.
Severe deficiency of vitamin B6 is uncommon. Alcoholics are thought to be most at
risk of vitamin B6 deficiency, due to a low intake and impaired metabolism of the
vitamin. Other neurologic symptoms noted in severe vitamin B6 deficiency include
irritability, depression, and confusion; additional symptoms include inflammation
of the tongue, sores or ulcers of the mouth, and ulcers of the skin at the corners of
the mouth.
6. BIOTIN (VITAMIN B7)
Biotin is required by all organisms but can only be synthesized by bacteria, yeasts,
molds, algae, and some plant species. Its chemical name is hexahydro-2-oxo-1thieno-3,4-imidazole-4-valeric acid. It is a monobasic acid (C10H16O3N2S) with nvaleric acid side chain and fused thiophene and imidazole rings (Fig. 8-11). Eight
different stereoisomers are possible but only the dextrorotatory D-biotin occurs in
nature and has biological activity.
Biotin is found in many foods, but generally in lower amounts than other watersoluble vitamins. Egg yolk, liver, and yeast are rich sources of biotin. Considerable
amounts are also synthesized by intestinal bacteria. The vitamin occurs mainly in
combined forms bound to protein through the -N-biotinyl-L-lysine moiety.
Biotin is highly soluble in water. It is photostable, thermostable, but acid labile.
Pasteurization and sterilization of milk result in losses of less than 10%. In the
production of evaporated milk, losses do not exceed 15%.
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Fig. 8-11: Biotin vitamin and its combined form (biocytin)
Importance of biotin
In its physiologically active form biotin is attached at the active site of four
important enzymes, known as carboxylases. Each carboxylase catalyzes an
essential metabolic reaction.
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Acetyl-CoA carboxylase catalyzes the binding of bicarbonate to acetyl-CoA to form
malonyl-CoA. Malonyl-CoA is required for the synthesis of fatty acids.
Pyruvate carboxylase is a critical enzyme in gluconeogenesis, the formation of
glucose from sources other than carbohydrates, for example, amino acids.
Methylcrotonyl-CoA carboxylase catalyzes an essential step in the metabolism of
leucine, an indispensable (essential) amino acid.
Propionyl-CoA carboxylase catalyzes essential steps in the metabolism of amino
acids, cholesterol, and odd chain fatty acids.
Histones are proteins that bind to DNA and package it into compact structures to
form chromosomes. The compact packaging of DNA must be relaxed somewhat
for DNA replication and transcription to occur. Modification of histones through
the attachment of acetyl or methyl groups (acetylation or methylation) has been
shown to affect the structure of histones, thereby affecting replication and
transcription of DNA. The attachment of biotin to another molecule, such as a
protein, is known as "biotinylation". The enzyme biotinidase has recently been
shown to catalyze the biotinylation of histones, suggesting that biotin may play a
role in DNA replication and transcription.
Although biotin deficiency is very rare, the human requirement for dietary biotin
has been demonstrated in two different situations: prolonged intravenous feeding
without biotin supplementation and consumption of raw egg white for a prolonged
period (many weeks to years). Avidin is a protein found in egg white, which binds
biotin and prevents its absorption. Cooking egg white denatures avidin, rendering it
susceptible to digestion, and unable to prevent the absorption of dietary biotin.
Symptoms of overt biotin deficiency include hair loss and a scaly red rash around
the eyes, nose, mouth, and genital area. Neurologic symptoms in adults have
included depression, lethargy, hallucination, and numbness and tingling of the
extremities. The characteristic facial rash, together with an unusual facial fat
distribution, has been termed the biotin deficient face by some experts. Individuals
with hereditary disorders of biotin metabolism resulting in functional biotin
deficiency have evidence of impaired immune system function, including increased
susceptibility to bacterial and fungal infections.
7. FOLIC ACID (VITAMIN B9)
The terms folic acid and folate are often used interchangeably but can be
collectively termed folacin. Folic acid, the most stable form, is chemically pteroyl
glutamic acid. It is composed of one molecule each of p-aminobenzoic acid,
glutamic acid and the pigment pteridine (Fig. 8-12 and Fig. 8-13).
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Folic acid occurs rarely in foods or the human body, but is the form most often
used in vitamin supplements and fortified foods. Naturally occurring vitamins B9
are predominantly folates, which are conjugated with varying number of glutamic
acid residues, such as tri- and heptaglutamates. Yeast, liver, spinach, amaranth and
mint are good sources of folates. Intestinal or ruminal bacteria also synthesize large
amounts of folates.
Aqueous solutions are photolabile, absorb ultraviolet light, and emit fluorescence.
Many of the naturally occurring folates are extremely labile and easily destroyed
by cooking. Folic acid itself is stable to heat in an acid medium but is rapidly
destroyed under neutral and alkaline conditions. Pasteurization and sterilization of
milk cause only small losses or no loss. Fermentation of milk increases folate level.
Blanching of vegetable and cooking of meat do not appear to cause folic acid
losses.
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Importance of folic acid
The only function of folate coenzymes in the body appears to be mediating the
transfer of one-carbon units. Folate coenzymes act as acceptors and donors of onecarbon units in a variety of reactions critical to the metabolism of nucleic acids and
amino acids.
Folate coenzymes play a vital role in DNA metabolism through two different
pathways, (1) The synthesis of DNA from its precursors is dependent on folate
coenzymes, and (2) A folate coenzyme is required for the synthesis of methionine,
and methionine is required for the synthesis of S-adenosylmethionine (SAM).
SAM is a methyl group (one-carbon unit) donor used in many biological
methylation reactions, including the methylation of a number of sites within DNA
and RNA. Methylation of DNA may be important in cancer prevention.
Folate coenzymes are required for the metabolism of several important amino acids.
The synthesis of methionine from homocysteine requires a folate coenzyme as well
as a vitamin B12-dependent enzyme. Thus, folate deficiency can result in decreased
synthesis of methionine and a build up of homocysteine. Increased levels of
homocysteine may be a risk factor for heart disease, as well as several other
chronic diseases.
Folate deficiency occurs in a number of situations. For example, low dietary intake
and diminished absorption, as in alcoholism, can result in a decreased supply of
folate. Certain conditions like pregnancy or cancer result in increased rates of cell
division and metabolism, leading to an increase in the body's demand for
folate. Several medications may also contribute to deficiency.
Individuals in the early stages of folate deficiency may not show obvious
symptoms, but blood levels of homocysteine may increase. Rapidly dividing cells
are most vulnerable to the effects of folate deficiency. When the folate supply to
the rapidly dividing cells of the bone marrow is inadequate, blood cell division
becomes abnormal, resulting in fewer but larger red blood cells. This type of
anemia is called megaloblastic or macrocytic anemia, referring to the large
immature red blood cells. Neutrophils, a type of white blood cell, become
hypersegmented, a change which can be found by examining a blood sample
microscopically. Because normal red blood cells have a lifetime in the circulation
of approximately four months, it can take months for folate deficient individuals to
develop the characteristic megaloblastic anemia. Progression of such an anemia
leads to a decreased oxygen-carrying capacity of the blood and may ultimately
result in symptoms of fatigue, weakness, and shortness of breath. It is important to
point out that megaloblastic anemia resulting from folate deficiency is identical to
the megaloblastic anemia resulting from vitamin B12 deficiency, and further clinical
testing is required to diagnose the true cause of megaloblastic anemia.
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8. COBALAMIN (VITAMIN B12)
Vitamin B12 is the largest and most complex of all the vitamins. It is unique among
vitamins in that it contains a metal ion, cobalt (Fig. 8-14). For this reason
cobalamin is the term used to refer to compounds having B12 activity.
Methylcobalamin and 5-deoxyadenosyl cobalamin are the forms of vitamin B12
used in the human body. The form of cobalamin used in most supplements,
cyanocobalamin, is readily converted to 5-deoxyadenosyl and methylcobalamin.
Only bacteria can synthesize vitamin B12. Vitamin B12 is present in animal products
such as meat, poultry, fish (including shellfish), and to a lesser extent milk, but it is
not generally present in plant products or yeast. Fresh pasteurized milk contains
0.9g per cup and is an important source of vitamin B12 for some vegetarians.
Those vegetarians who eat no animal products need supplemental vitamin B12 to
meet their requirements. Also, individuals over the age of 50 should obtain their
vitamin B12 in supplements or fortified foods like fortified cereal because of the
increased likelihood of food-bound vitamin B12 malabsorption.
Cyanocobalamin is fairly thermostable at alkaline pH. Pasteurization of milk leads
to only a slight loss (7-10%). Boiling milk for 2-5 min leads to 30% loss of this
vitamin, evaporation about 50%, and sterilization up to 87%.
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Fig. 8-14: Vitamin B12 (CN is replaced with adenosine in the coenzyme form)
Importance of the cyanocobalamin
Vitamin B12 functions mainly as cofactor, e.g., for methionine synthase and Lmethyl-malonyl-coA mutase. Methylcobalamin is required for the function of the
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folate-dependent enzyme, methionine synthase. This enzyme is required for the
synthesis of the amino acid, methionine, from homocysteine. Methionine is
required for the synthesis of S-adenosylmethionine, a methyl group donor used in
many biological methylation reactions, including the methylation of a number of
sites within DNA and RNA. Methylation of DNA may be important in cancer
prevention. Inadequate function of methionine synthase can lead to an
accumulation of homocysteine, which has been associated with increased risk of
cardiovascular diseases.
5-Deoxyadenosylcobalamin is required by the enzyme that catalyzes the
conversion of L-methylmalonyl-CoA to succinyl-CoA. This biochemical reaction
plays an important role in the production of energy from fats and proteins. Succinyl
CoA is also required for the synthesis of hemoglobin.
Vitamin B12 deficiency is estimated to affect 10-15% of individuals over the age of
60. Absorption of vitamin B12 from food requires normal function of the stomach,
pancreas, and small intestine. The most common causes of vitamin B12 deficiency
are (1) An autoimmune condition known as pernicious anemia and (2) Food-bound
vitamin B12 malabsorption. Although both causes become more common with age,
they are two separate conditions.
Pernicious anemia relates to destruction of stomach cells by one's own antibodies.
Progressive destruction of the cells that line the stomach causes decreased secretion
of acid and enzymes required to release food-bound vitamin B12.
Food-bound vitamin B12 malabsorption is defined as an impaired ability to absorb
food or protein-bound vitamin B12, although the free form is fully absorbable. In
the elderly, food-bound vitamin B12 malabsorption is thought to result mainly from
atrophic gastritis, a chronic inflammation of the lining of the stomach, which
ultimately results in the loss of glands in the stomach (atrophic condition) and
decreased stomach acid production.
9. L-ASCORBIC ACID (VITAMIN C)
L-ascorbic acid is the γ-lactone of C6 acid with C2-C3 double bond (Fig. 8-15).
Vitamin C occurs in all living tissues. Man, apes, monkeys, and some other
animals cannot synthesize vitamin C.
CH2OH
HOCH O
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Fig. 8-15: L-ascorbic acid (vitamin C)
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Good sources of vitamin C are amala, guava, cabbage, and many citrus fruits.
Animal foods such as milk and liver also contain vitamin C.
Vitamin C is the least stable of all vitamins and is easily destroyed during
processing and storage. The rate of destruction is increased by the action of metals,
especially copper and iron, and by the action of enzymes. Exposure to oxygen,
prolonged heating in the presence of oxygen, and exposure to light are all harmful
to the vitamin C content of foods. Vitamin C is unstable at alkaline or neutral pH
and is more affected by oxygen than by heat. Ascorbic acid destruction involves its
oxidation to dehydroascorbic acid, which also have some vitamin activity.
Dehydroascorbic acid is further degraded to compounds devoid of vitamin activity.
Importance of vitamin C
Vitamin C is required for the synthesis of collagen, an important structural
component of blood vessels, tendons, ligaments, and bone. Vitamin C also plays an
important role in the synthesis of the neurotransmitter, norepinephrine.
Neurotransmitters are critical to brain function and are known to affect mood. In
addition, vitamin C is required for the synthesis of carnitine, a small molecule that
is essential for the transport of fat to mitochondria, for conversion to
energy. Recent research also suggests that vitamin C is involved in the metabolism
of cholesterol to bile acids, which may have implications for blood cholesterol
levels and the incidence of gallstones.
Vitamin C is also a highly effective antioxidant. Even in small amounts vitamin C
can protect indispensable molecules in the body, such as proteins, lipids (fats),
carbohydrates, and nucleic acids (DNA and RNA) from damage by free radicals
and reactive oxygen species that can be generated during normal metabolism as
well as through exposure to toxins and pollutants (e.g. smoking). Vitamin C may
also be able to regenerate other antioxidants such as vitamin E.
Severe deficiency of vitamin C results in potentially fatal disease, scurvy.
Symptoms of scurvy include bleeding and bruising easily, hair and tooth loss, joint
pain and swelling. Such symptoms appear to be related to the weakening of blood
vessels, connective tissue, and bone, which contain collagen. Early symptoms of
scurvy such as fatigue may result from diminished levels of carnitine, needed to
derive energy from fat, or decreased synthesis of the neurotransmitter
norepinephrine. Scurvy is rare in developed countries because it can be prevented
by as little as 10mg of vitamin C daily.

CHAPTER 10: NATURAL PIGMENTS IN FOODS
The natural pigments are a group of substances present in animal and vegetable
cells that impart color due to selective absorption of certain wavelengths of light
and reflection of the rest. Pigments do not account for structural color, which is the
result of selective reflection or iridescence in some multilayer structures.
A distinction is usually made between a pigment, which is insoluble particle, and a
dye, which is either a liquid, or is soluble. There is a well-defined dividing line
between pigments and dyes: a pigment is not soluble in the vehicle while a dye is.
From this follows that a certain colorant can be both a pigment and a dye
depending on in which vehicle it is used. In some cases, a pigment will be made by
precipitating a soluble dye with a metallic salt. The resulting pigment is called a
lake.
Some of the natural pigments include chlorophyll, hemoglobin, anthocyanins,
chlorophylls, carotenoids, xanthophylls, etc.
CHLOROPHYLLS
Chlorophylls are the green pigments found in virtually all photosynthetic
organisms. They occur in several distinct forms: chlorophylls a and b are the major
types found in higher plants and green algae; chlorophylls c and d are found, often
with a, in different algae; chlorophyll e is a rare type found in some golden algae;
and bacterio-chlorophyll occurs in certain bacteria. In green plants chlorophyll
occurs in chloroplasts, approximately in the ratio 3a:1b.
Chlorophylls have great importance in food technology as well as other disciplines.
In food technology, chlorophyll is related to esthetic quality of fruits and
vegetables. It is also extensively used as a parameter in studying maturation and
ripening of fruits and vegetables. In aquatic ecology, chlorophyll determination is
used for biomonitoring.
Chemically, chlorophylls are tetrapyrrole pigments (pyrrole rings held together by
methane carbons, CH=) in which the porphyrin ring is in the dihydro form and the
central metal atom is magnesium. Magnesium atom is held by nitrogen on two of
the rings by ordinary covalent bonds. The other two nitrogens share two electrons
with the magnesium to form a coordinate covalent bond (indicated by broken lines).
The structural formula of chlorophyll a and b are given in Fig. 9-1.
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Chlorophyll b differs from chlorophyll a in that the methyl group on carbon 3 is
replaced with an aldehyde group. Chlorophyll is a diester of a dicarboxylic acid
(chlorophyllin); one group is esterified with methanol, the other with phytyl
alcohol.
From Fig. 9-1, it can be seen that propionic acid residue at carbon 7 is esterified
with phytol. Phytol has a structure very much similar of that in the carotenoids (Fig.
9-2).
The magnesium is removed very easily by acids, giving pheophytins a and b. The
action of acid is especially important for fruits that are naturally high in acid.
However, it appears that the chlorophyll in plant tissues is bound to lipoproteins
and is protected from the effect of acid. Heating coagulates the protein and lowers
the protective effect. The color of the pheophytins is olive-brown.
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Fig. 9-1: Structure of chlorophyll a (C55H72MgN4O5) and b (C55H70MgN4O6)
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Fig. 9-2: Structure of phytol
Chlorophyll is stable in alkaline medium. The phytol chain confers insolubility in water
on the chlorophyll molecule. Upon hydrolysis of the phytol group, the water-soluble
methyl chlorophyllides (green-colored) are formed. This reaction can be catalyzed by
the enzyme chlorophyllase. In the presence of copper, nickel, cobalt, iron or zinc ions,
it is possible to replace the magnesium to give a stable derivative. Removal of the
phytol group and the magnesium results in pheophorbides (gray-brown colored). All of
these reactions are summarized in the scheme presented in Fig. 9-3.
In addition to those reactions described above, it appears that chlorophyll can be
degraded by yet another pathway, which is related to fat peroxidation. In this
reaction, lipoxygenase may play a role, and no pheophytins, chlorophyllides, or
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pheophorbides are detected. The reaction requires oxygen and is inhibited by
antioxidants.
Acid

Chlorophyllase
CHLOROPHYLL
Mg2+

Mg2+

Strong acid

Phytol

Phytol

Pheophytin

Acid

Pheophorbide

Methyl chlorophyllide

Mg2+

Phytol
Alkali
O2

Acid

Alkali
O2

Acid
Alkali
O2

CHLORINS
PURPURINS

Fig. 9-3: Reactions of chlorophylls
Although alkaline condition is helpful in preserving the green color this condition
is seldom used in actual practice. This is because high pH during canning or
cooking hydrolyzes cellulose and renders the food unacceptably soft. Additionally,
some vitamins, particularly vitamin C, and thiamine, are very sensitive to heat at
high pHs.
Copper complexes of pheophytins and chlorophillide are very stable, and the
copper ion cannot be removed by acid. Chlorophyll a and b, copper-pheophytin,
and copper chlorophyllides are permitted food colors in many European countries.
CAROTENOIDS
The carotenoids are a group of highly unsaturated, yellow, orange, and orange-red
fat soluble pigments widely distributed in photosynthetic plants, some types of
fungus, and some bacteria. Carotenoids are present in green leaves also but the
green color of chlorophyll normally masks the yellow to red color of the
carotenoids. There are over 600 known carotenoids.
The name carotenoid is applied to all pigments chemically related to the carotenes.
Chemically, the carotenoids are either hydrocarbons or derivatives of hydrocarbons
and are composed of isoprene units. Isoprene is a diene of the structure
(CH2=C(CH3)CH=CH2) and this molecule is the unit out of which the carotenoids
are constructed.
There are two possible ways of classifying the carotenoids. The first system
recognizes two main classes, viz.,
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1. The carotenes: they are hydrocarbons, e.g., -, -, and γ-carotene (they do
not contain oxygen)
2. The xanthophylls: they contain oxygen in the form of hydroxyl, methoxyl,
carboxyl, keto, or epoxy groups, e.g., cryptoxanthin, crocetin, zeaxanthin,
lutein
The second system divides the carotenoids into three types, viz.,
1. Acyclic: e.g., lycopene, bixin and crocetin (contain no cyclic structure)
2. Monocyclic: e.g., γ-carotene and torularhodin (contain one cyclic structure)
3. Bicyclic: e.g., -carotene, -carotene, and cryptoxanthin (contain two
cyclic structures)
The color in carotenoids is due to the presence of conjugated double bonds. The
greater the number of conjugated double bonds present in the molecule, the deeper
the red color. A minimum of seven conjugated double bonds are required before a
perceptible yellow color appears. The double bonds may occur in cis, trans, and
mixed form (usually in all-trans form in native state), the all-trans form having the
deepest color. The color lightens with increase in cis bonds and decrease in
conjugated double bonds. Structures of some carotenoids are given in Fig. 9-4.
Carotenoids exist as a mixture in most cases. Ripe tomato has above 80% of
pigments as lycopene. Cryptoxanthin occurs in large amounts in papaya, yellow corn,
paprika, and mandarin orange. -carotene is present in very small amounts in most
plants but in red palm oils, it accounts for about 30-40% of the carotenes present.
The carotenoids are insoluble in water but soluble in lipids and in lipid solvents. In
processing fruits and vegetables, loss of these pigments into cookery or canning
water is very slight. Because carotenoids are highly unsaturated, they do undergo
oxidation when exposed to air, so that in drying fruits or vegetables which contain
these pigments a problem is sometimes encountered. For example, carrots and
apricots show loss of pigment on drying. The pigments do not undergo hydrolysis
except when they occur in plant tissues as esters, and they are not affected by
changes in pH.
In blanched carrots, or those blanched and then dehydrated, the loss of pigment is
rapid.
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Fig. 9-4: Structures of some carotenoids (continued…)
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Fig. 9-4: Structures of some carotenoids

187

FOOD CHEMISTRY

Three naturally occurring carotenoids are currently used as color additives in most
countries. These are -carotene (orange-red), -apo-8′-carotenal (red), and
canthaxanthin (purplish red)
ANTHOCYANINS
Most of the red, blue, and violet pigments that occur in flowers, fruits, and other
parts of plants belong to the group of pigments known as anthocyanins. Over 300
structurally distinct anthocyanins have been identified in nature. Anthocyanins
occur in plant cells as glycosides (ethers of monosaccharides, usually glucose). The
sugar is always attached to carbon 3 (Fig. 9-5). When anthocyanins are hydrolyzed
the sugar is liberated:
hydrolysis Anthocyanidin + Monosaccharide
Anthocyanins 


The color results from the moiety called anthocyanidins (also called aglucone or
aglycone). About 16 anthocyanidins have been identified in natural products, but
only six of them occur frequently in many different products. They are
pelargonidin, cyanidin, delphinidin, peonidin, malvidin, and petunidin (shown in
Fig. 9-5).The sugar part usually consists of one or two molecules of glucose,
galactose, and rhamnose. Most anthocyanins are water-soluble and this property is
due to the carbohydrate moiety. The most important sources of anthocyanins are
purple grapes, blueberries, raspberries, red cabbage, and strawberries.
Chemically, anthocyanins are a class of flavonoid compounds (see also Fig. 13-22,
page 237). Other classes of flavonoids include flavonols, flavanol, flavones,
flavanones, and flavanonols. There are over 2,000 naturally occurring flavonoids.
The general structures of the six different anthocyanidins are shown in Fig. 9-5.
The transition of shades due to substituent groups is given in Fig. 9-6.
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Fig. 9-5: General structures of anthocyanidins
Anthocyanins have a positive charge on the molecule which enables it to absorb
light and thus have color. In solution, there is an equilibrium between the cationic
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form (also called flavylium or oxonium salt form) and the pseudobase form (also
called hydrated hemiketal form). The cationic form is colored while the pseudobase
form is colorless. The proportion of these forms in the solution is dependent on pH.
As the pH is raised, more pseudobase is formed and the color becomes weaker (see
Fig. 9-7) and at pH greater than 4.5, other reactions (e.g., opening of the
glycosylated ring) occur. This implies that anthocyanins are highly colored in the
acid medium. Very strong acid, however, hydrolyzes the pigment. Metal chelation
and combination of other flavonoids and tannins also affect the color but the
mechanisms are quite different.
Malvidin
Petunidin
Delphinidin
Cyanidin
Pelargonidin

Fig. 9-6: Transition in the shades of color due to substituent groups
Anthocyanin pigments can easily be destroyed when fruits and vegetables are
processed, especially, if the cell walls are damaged. High temperature, increased
sugar level, pH, and ascorbic acid can affect the rate of destruction. The stability of
anthocyanins is increased by acylation.
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Fig. 9-7: Structures of colored and colorless forms of anthocyanins
Anthocyanins can form purplish or slate-gray pigments with metals, which are
called lakes. This can happen when canned foods take up tin from the container.
Anthocyanins can be bleached by sulfur dioxide by forming a colorless derivative
chromen-2 (or 4)-sulfonic acid (Fig. 9-8), which is a bisulfite addition compound.
Some investigators mention that addition does not take place at the 2- position. The
addition reaction with sulfur dioxide is irreversible.
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Fig. 9-8: Bleaching of anthocyanins with sulfur dioxide
Anthocyanins have received interest in other fields also, primarily because of their
proven antioxidant, antimicrobial, and anticancer properties.
ANTHOXANTHINS AND FLAVONES
Anthoxanthins and flavones are one of the most important groups of pigments in
plants. They are yellow pigments usually dissolved in the cell sap. The
anthoxanthins are glycosides with a benzopyrene nucleus. On boiling with dilute
acid, anthoxanthins yield one or two molecules of monosaccharides and a flavone
or flavone derivatives such as a flavonol, flavanonol, or isoflavone. The sugar
commonly involved is rutinose, which is a disaccharide of glucose and rhamnose.
The basic ring structure of the flavones and some representative examples are
shown in Fig. 9-9.
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Fig. 9-9: Structures of some flavones
Some of the most common flavones are quercetin (occurs in onion skins, tea, hops,
etc.), hesperitin (occurs in oranges and lemons), and apigenin (occurs in parsley
and yellow dahlia). The structures of these flavones are shown in Fig. 9-10.
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CHAPTER 11 CHEMISTRY OF NATURAL FOOD COLORANTS
Color is important to many foods, both processed and unprocessed. Together with
flavor and texture, color plays an important role in food acceptability. In addition,
color may provide an indication of chemical changes in a food, such as browning
and caramelization.
Food gets its color from three main sources, viz.
1. Inherent pigments of the food, e.g., chlorophylls, carotenoids, anthocyanins, etc.
2. Color developed during processing, e.g., brown color due to Maillard
reaction
3. Colorants (additives)
Colorants are additives used to give appealing color to the food regardless of the
original color of the food. Food colorants can be further divided into (i) natural
food colorants (e.g., annatto, caramel, turmeric, saffron, indigo, -carotene, etc.),
and (ii) synthetic food colorants such as lakes and coal tar dyes.
As per FDA, color pigments having a natural origin are exempt from certification.
They do not carry any categorization as natural or synthetic. There are 26 such colors
permitted to be used in food and 28 to be used in cosmetics and pharmaceuticals.
CARAMEL
Caramel color is one of the most widely used colorants in foods and appears in the
GRAS (Generally Recognized As Safe) list. Caramel color is the dark brown
material having an odor of burnt sugar and a pleasant, somewhat bitter taste. It is
miscible with water and contains colloidal aggregates that account for most of its
coloring properties and characteristic behavior towards acids, electrolytes, and
tannins. The color is prepared by controlled heat treatment of food grade
carbohydrates, mainly glucose syrup. In fact, for many years caramel color was
known as "burnt sugar color."
Caramel color accounts for more than 80% (by weight) of all colorants added to the
foods we eat and drink. Annual global consumption exceeds 200,000 MT.
Caramel is a colloid with negative or positive charge (mostly negative) and this
charge determines what type of caramel should be used in what product. The color
remains stable only when the food (liquid food) and the caramel have similar
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charges. Opposite (dissimilar) charges result in clumping and consequent haze in
the product.
Internationally, the joint FAO/WHO Expert Committee on Food Additives (JECFA)
has divided caramel color into four classes depending on the food grade reactants
used in its manufacture:
Class I:
Class II:
Class III:
Class IV:

Plain Caramel Color or spirit caramel
Caustic Sulfite Process Caramel Color
Ammonia Process Caramel Color (beer caramel)
Sulfite Ammonia Process Caramel Color (acid proof caramel)

Each type of caramel color has specific functional properties that ensure
compatibility with a product and eliminate undesirable effects, such as haze,
flocculation, and separation. Caramels have also been given names such as acid
proof caramel (compatible with phosphoric acid, used in soft drinks like colas),
baker’s caramel (for bread, biscuits and baked goods), etc.
The caramel color results from heating of carbohydrate materials, by a process
called caramelization. Caramelization is defined as the thermal degradation of
sugars leading to the formation of volatiles (caramel aroma) and brown-colored
products (caramel colors). Caramelization entails a series of complex reactions,
some of which are still not well understood. The reactions, in sequence, include
intramolecular arrangement of sugar molecule, dehydration, degradation,
condensation, and polymerization.
During caramelization of sucrose, the dehydration product that forms is termed
caramelan, C12H18O9. The intermediate and final polymers of sucrose
caramelization, respectively, are termed caramelen (C36H50O25), and caramelin or
humin (C96H102O51). Some authors have given the empirical formula of caramelan,
caramelen and caramelin as C24H36O18, C38H50O25, and C125H188O80, respectively.
Caramel also works as an emulsifying agent. In soft drinks, it helps keep the flavor
oils suspended in the solution. Caramel color is added to baked goods, poultry,
malt vinegars, canned meats, syrups, soups, stews, and gravies.
The color strength of caramel color is defined as its tinctorial power, K0.56. This is
the absorbance of a 0.1% weight/volume solution measured through a 1cm light
path at a wavelength of 560nm using a high quality spectrophotometer. The higher
the value of the absorbance (the tinctorial power, K0.56), the darker the caramel
color.
TURMERIC
Turmeric is also called curcumin. Curcumin is the main color found in the root of
the turmeric plant Curcuma longa, grown in south Asia.
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Ground turmeric rhizome is one of the main ingredients in curry powder. The
bright yellow color has been used as a substitute for the expensive herb saffron.
Because turmeric fades with exposure to light, other colors are used if a product
must be displayed in a clear container.
O
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CH3O

OCH3
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HO

Fig. 10-1: Structure of curcumin
ANNATTO
Annatto is a yellow, natural food colorant obtained from the seed-coats of the Bixa
orellana. The pigments that produce this yellow to orange color range are the
carotenoids, viz., bixin, norbixin, and their esters. Annatto is also called bixin
carotenoids. See Fig. 10-2 for the structures of bixin and norbixin.
Bixin is a dicarboxylic acid esterified with one methanol molecule. Bixin is oilsoluble and the alkaline norbixin (a derivative) is water-soluble. The colorants fade
in strong or direct light, are stable in alkaline media but degrade in acids, and are
degraded by oxidation.
The concentration of the color is expressed as a percentage of these compounds
and the content varies with the extraction method. pH, emulsifiers and overall
solubility affect the hue. Oil soluble Annattos have a brighter hue.
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Fig. 10-2: Structures of bixin carotenoids
Annatto has been used since the ancient times. The color represented fire, sun, and
blood in early American Indian civilizations. The color was used for food, dying
clothes, and coloring the body during ceremonies. It is said to have medicinal
properties.
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The colorant can be extracted from the dried and crushed annatto seeds with
alkaline solution and vegetable oil solvent. Vegetable oil solvent gives oil-soluble
bixin, alkaline solution gives water-soluble norbixin, and propylene glycol
extraction yields a mixture of bixin and norbixin.
Annatto is used in foods to provide color in cheese, butter, and margarine. It is
often used as a substitute for the expensive herb saffron. It also has antioxidant
properties. The seeds are also used as a flavoring in the form of a powder or a paste,
but the main use is as a coloring agent. Because annatto binds well to the proteins
in dairy foods, it is often used to add color to milk products such as butter, cheese,
or puddings.

CHAPTER 12: MOISTURE IN FOODS
Water is the most abundant compound present in most foods. Cellular material,
whether plant or animal, contains a significant amount of water. Green leafy
vegetables contain  90% water. Water content in relation to food material is
normally termed “moisture content”. Meat, milk and cereals contain 50-60, 87-88
and 11-13% moisture content, respectively. Occasionally, a food such as oil will be
dry; but even crystallized substances which are relatively pure (such as sugar and
salt) contain small amounts of water adsorbed on the surfaces of the crystals.
Moisture content in food is often described by different terms, such as bound water,
free water, unfreezable water, Langmuir or monolayer water, capillary water, etc. It
is difficult to provide a rigid definition of these terms but the first two terms have
been explained here.
BOUND WATER
Bound water is generally understood as water that is unavailable as solvent and is
very difficult to remove by simple drying or dehydration method. Bound water is
also taken as water that remains unfrozen at some prescribed temperature below
0°C, usually -20°C. However, this assumption is misleading because water can
exhibit freezing over a wide range of temperatures, depending on the presence of
dissolved solids, hydration effects of macromolecules and biological ultrastructures
such as membranes. A substantial amount of water may never freeze under given
experimental conditions. This water may be very difficult to remove, but still not
'bound'. Thus, bound water is simply the water whose rate of movement in the
system is so low that equilibrium cannot be achieved within the normal lifetime of
food. It is hypothesized that when foods enter the glassy state (freezing without
crystallization) the movement of water is so slow that it is effectively bound.
The unfreezable water accounts for about 8-10% of total water in foods
FREE WATER
Free water, on the other hand exists as a dispersing medium for the colloids and as
a solvent for the crytalloids present. Free water can be determined by
centrifugation, pressing, and heating or any other drying methods. The division
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between free and bound moisture, however, is not very distinct because the
difference between these two forms of water is gradual rather than sharp.
The determination of moisture content in foods is one of the most frequently
carried out tests in food industries. The determination is essential for various
reasons, for example it may be essential to:
1.
2.
3.
4.
5.

Ascertain the level of drying in dried foods
Check the efficiency of a given dryer or drying method
Ascertain microbiologically safe moisture level in cereal grains
Regulate moisture level of wheat during milling
Check whether a food conforms to the standards or not, e.g., in biscuits,
flour, etc.
6. Aid in calculation of food constituents in terms of dry weight, and so on.

HYDROGEN BONDING
Water molecules are able to attach themselves to other molecules by means of a
hydrogen bond. Each water molecule is tetrahedrally coordinated with four other
water molecules through hydrogen bonds (Fig. 11-2). Water molecules are dipoles
(polar) in which the hydrogen atoms are slightly positive and the oxygen atom
slightly negative (Fig. 11-1). Within a water molecule the hydrogen atoms are
bonded to the oxygen by a covalent pair of electrons, but the angle between these
atoms is 105°. Thus the four unshared electrons of the oxygen atom are on one side
and create slight negativity. The oxygen atom holds electrons closely and draws
them slightly away from the proton. As a result, the oxygen is slightly negative in
comparison to the hydrogens which are positive.


: O :
 105o

H
H

Fig. 11-1: Alignment of hydrogen in water molecule
Briefly put, the term hydrogen bond refers to the interaction of a hydrogen atom
that is covalently bonded to one electronegative atom with a second electronegative
atom (e.g., oxygen, nitrogen, fluorine). There is a tendency for the hydrogen atom
to associate with the second electronegative atom by sharing its electron pair.
The hydrogen bond or bridge is able to form whenever a slightly positive hydrogen
approaches an atom such as oxygen which tends to be slightly negative. The small
size of the hydrogen atom allows it to come very close to this atom and establish a
weak bond or bridge to it.
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In pure water two molecules associate at some temperatures when one hydrogen is
attracted to the slightly negative oxygen of another molecule of water and
association occurs through the hydrogen bond (Fig. 11-2). The strength of the bond
between the two molecules is not nearly as great as the strength of the covalent
bonds holding the two hydrogens and oxygen together, but it is much greater than
the van der Waal’s forces which hold molecules close together in liquids and even
closer in solids.
Hydrogen
Oxygen
Hydrogen bond (bridge)
Sigma bond

Fig. 11-2: Tetrahedral coordination of water molecules
Energy in the form of heat must be supplied in order to disrupt hydrogen bonds.
The relatively high boiling point of water, a very low molecular weight compound,
is explained on the basis of the heat required to break hydrogen bonds.
Not only can hydrogen bonding hold one water molecule to another, it can also
cause association or hydrate formation between water and compounds which have
polar oxygens. A compound such as methanol, CH3OH, or a carbohydrate which
has a hydroxyl group will bind water through hydrogen bonding. Indeed, pure
methanol will associate with itself through hydrogen bonding. In large complex
molecules which are coiled and folded, water will penetrate within the molecule,
forming hydrates through hydrogen bonding and causing a change in the size and
shape of the molecule.
The nitrogen atom is frequently linked to another nitrogen or an oxygen atom
through a hydrogen bond. Like oxygen, nitrogen tends to be slightly negative, and
it will have an attraction for the slightly positive hydrogen of a molecule such as
water and bond it to the nitrogen. An amino group in a compound such as a protein
will associate with the hydrogen of a hydroxyl group in, say, methanol. The
strength of the hydrogen bond is not as strong in this case as it is with oxygen since
nitrogen is not as negative as oxygen and the hydrogen is not held as closely.
Hydrogen bonding in biomolecules is of paramount importance. It confers
structures to biomolecules for the stability and active functioning, for example, in
enzymes and nucleic acids. The double stranded structure of DNA and the
characteristic structures of proteins are due to hydrogen bond.
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Hydrates form with those metallic ions which tend to form complexes. The unshared
electron of the oxygen atom will fill out the shells of the ion and hold water to it.
Sodium, magnesium, calcium, and many other elements exist as ions in solution.
Hydrogen ion also gets hydrated, and this special ion is termed hydronium ion.
H
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Fig. 11-3: Hydrated magnesium ion
WATER ACTIVITY
Water activity, denoted by aw, is a very important parameter for describing various
biological reactions, including microbial growth. Water activity has been defined in
various ways, depending on the context. Qualitatively, water activity is a measure
of unbound, free water in a system available to support biological and chemical
reactions. Water activity can also be simply defined as the ratio of partial water
vapor pressure over a system (food) to that of pure water at a given temperature.
This is numerically equal to the equilibrium relative humidity (ERH) expressed as
a fraction rather than as percentage. Thus,
aw 

P
1

ERH
Po 100

Where, P = partial water vapor pressure in equilibrium with the system at a given
temperature, P0 = partial water vapor pressure of pure water at the system
temperature.
Equilibrium relative humidity (ERH) can be simply defined as the humidity at a
given temperature where the food (system) will neither lose moisture to the
atmosphere nor pick up moisture from the atmosphere. Every food product has its
own ERH.
The single most important property of water in a food is the water activity. The
water activity of a food describes the energy status of water in a food and hence its
availability to act as a solvent and participate in chemical or biochemical reactions.
Fig. 11-4 is a global stability map of foods, showing stability as a function of aw.
Water’s ability to act as a solvent, medium, and reactant increases with increasing
water activity.
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The concept of water activity is very important for food safety. It predicts food
safety and stability with respect to microbial growth, chemical/biochemical
reaction rates, and physical properties. By measuring the water activity of
foodstuffs, it is possible to predict which microorganisms will be potential sources
of spoilage and infection. Controlling water activity is an important way to
maintain the chemical stability of foods. Non-enzymatic browning reactions and
spontaneous autocatalytic lipid oxidation reactions are strongly influenced by water
activity. Water activity can play a significant role in determining the activity of
enzymes and vitamins in food. Finally, aw plays a significant role in the physical
properties such as texture and shelf-life of foods.
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Fig. 11-4: Water activity-stability diagram
Water activity has a profound effect on the rate of many chemical reactions in
foods and on the rate of microbial growth. Enzyme activity and microbial growth is
virtually non-existent in the monolayer water (aw between 0 and 0.2). Monolayer
water refers to layer of water that is one molecule in thickness (also called
molecular film).
Molds and yeasts are relatively resistant and start to grow at aw between 0.7 and 0.8.
Bacterial growth takes place only after aw reaches 0.8.
Enzyme hydrolytic reactions and non-enzymatic browning do not proceed in the
monolayer water range. However, lipid oxidation rates are high in the monolayer
area, passing from a minimum at aw = 0.3 to 0.4, to a maximum at aw = 0.8 (shown
in Fig. 11-4, see also Fig. 11-5).
Control of water activity is therefore an effective technique for controlling
undesirable chemical reactions and microbial growth in foods. Fresh foods, such as
fruit, vegetables, meat, poultry, and fish have aw values of 0.98 to 0.99 and are
therefore perishable. Dried foods generally have aw values below 0.75 and are
therefore non-perishable. There is an important category of food called
Intermediate Moisture Foods (IMF) that includes foods such as cakes, jams, dried
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fruits, and fish sauces. IMFs have moisture contents between 15 and 50%. Despite
this high level of moisture, the water activity is low (between 0.85 and 0.6) and this
has a protective effect on the food. As can be imagined, most of the water that the
food contains is in unavailable form and cannot be used for chemical reaction and
microbial growth. This is the principle used in the preparation of IMFs.
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20

Lysine

Yellow index
0.4

0.5

0.6

0.7

0.8

Water activity

Fig. 11-5: Loss of free lysine and change of color in milk powder kept at 40°C for
10 days as a function of water activity
The above discussion also indicates that moisture content in food and its aw are
interrelated. The graphical interpretation of this relation is called sorption isotherm.
The relation is not linear, and the type of curve varies with the type of food. A
typical curve is shown in Fig. 11-6. Several mathematical models are available for
describing these graphs. Some of the important models are (i) GAB model, (ii) BET
model, and (iii) Langmuir model.
Sorption isotherms are used for:
1.
2.
3.
4.
5.
6.

General storage prediction
Mixing dry ingredients (foods)
Packaging selection
Shelf life prediction
Drying time prediction
Humectant selection (humectants are additives that help food retain
moisture, see page 220).

Water activity is used for following purposes:
1. Construction of moisture versus aw prediction curve (isotherm)
2. Assessment of physical stability of food (texture and caking)
3. Control and prediction of microbial growth
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4. Prediction of chemical reaction and shelf life
5. Designing of IMF
6. Selection of packaging material for protection of food from moisture
Moisture, dry basis (g water/g solid)

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
0

0.2

0.4
0.6
Water Activity

0.8

1

Fig. 11-6: Sorption isotherm for mushroom (at 22ºC)
METHODS FOR THE DETERMINATION OF MOISTURE CONTENT IN
FOODS
Moisture content in food materials can be determined by a large number of
methods. The methods range from very simple to very sophisticated and this is
mainly based on the type and state of food sample. Some methods are suitable only
for a limited range of food types. There is no single method that can be applied to
every type, state, and form of foods.
Basically, the methods available for the determination of moisture in foods can be
divided into following groups, namely, (i) Physical, and (ii) Chemical.
Physical methods are more routinely used. Some of these methods are:
1.
2.
3.
4.
5.
6.
7.

Hot air oven method
Infra Red method
Distillation with immiscible solvent (Dean and Stark method)
Hot plate method
Vacuum oven method
Freezing point method
Nuclear magnetic resonance (NMR)

Chemical methods are less routinely used. Some of the tested methods but not
necessarily widely used or suitable for all food items are:
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1. Karl Fischer method
2. Reaction with calcium carbide
3. Oxidation with potassium dichromate.
1. HOT AIR OVEN METHOD
The sample is weighed and heated in an insulated oven to constant weight. The
difference in weight is the water that has evaporated. The sample is usually
weighed in a flat-bottomed, shallow dish (made of material that will not react with
food nor pick up moisture readily). The oven must be thermostatically controlled
and usually set at 100°C or 105°C. The size, weight, etc., of the sample is very
critical. To help fast and uniform drying, the sample should be disintegrated into
fine particles. Very often, an internal fan is also fitted in the oven to circulate the
hot air. This method is suitable for nuts, flour, powders, meat and meat products,
and most fruits and vegetables.
Many foods decompose to some degree if they are heated to 100°C. This is true,
for example, of all foods which contain fructose. It is necessary to dry them in a
vacuum oven where the temperature is maintained at lower figure (usually 60-70°C)
and pressure is reduced to less than 450 mm of Hg to facilitate loss of moisture.
2. HOT PLATE METHOD
This method is usually used for fat and oil products such as cooking oil, vanaspati,
butter, ghee, etc. A weighed amount of the sample is heated in a beaker on a hot
plate to the incipient faint brown smoking. The difference in weight of the sample
expressed in percentage gives the moisture content.
3. IMMISCIBLE SOLVENT DISTILLATION METHOD
For those foods which contain volatile compounds, none of the weight-loss methods
are adequate to differentiate between loss of water and loss of other volatile
substance(s). The immiscible solvent distillation method can be used for this purpose.
This method involves the reflux distillation of the food with an immiscible solvent
having a higher boiling point and a lower specific gravity than water, e.g., toluene,
heptane, or xylene. The refluxed water settles as the solvent floats in a graduated tube,
in which it can be measured by volume. The volatile oils which also distil over
remain mixed with the solvent and are not measured. The equipment used for this
method of moisture determination is called Dean and Stark apparatus (Fig. 11-7) or
Bidwell-Sterling tube.
The method is suitable for the determination of moisture in items such as
cardamom, ginger, and aromatic plants which contain significant amounts of
volatile principles. These volatile principles normally get lost when subjected to
vacuum oven and hot-air oven methods, thereby introducing error in the
determination.
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Fig. 11-7: Immiscible solvent distillation method (Dean and Stark apparatus)
4. IR-MOISTURE METER
Infrared (IR) moisture meter is an instrument for measuring moisture content of
materials that do not change their chemical structure while losing water under
exposure to infrared radiation. The instrument comes in various shapes and sizes
but all contain graduated scale on wheels (or sometimes direct read-out meters).
The removal of moisture is by molecular vibration of water rather than the heat
alone. It is advised not to look at the light source with naked eyes. The greatest
advantage of infrared method is that the sample does not need weighing and
cooling in desiccator. The completion of the drying of sample can be easily
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ascertained by looking at the pointer and scale provided along with the instrument.
When moisture stops going out (i.e., the weight remains constant) the pointer
becomes stationary (does not move for at least 5 min). The method is suitable for
samples that rehydrate quickly. Samples as diverse as flour, biscuits, and fruits, and
vegetables can be used for the determination. Because the sample size that the
instrument can handle is usually very small (< 5g), accuracy may sometimes be
affected. See Fig. 11-8 for a schematic drawing of the instrument.
Movable cover
Filter glass
IR lamp

Calibrated wheel and pointer

Plate and sample
Adjustment knob
Power switch

Fig. 11-8: Infrared moisture meter

CHAPTER 13: FOOD ADDITIVES
In its broadest sense, a food additive is any substance added to food. Legally, the
term refers to "any substance the intended use of which results or may reasonably
be expected to result - directly or indirectly - in its becoming a component or
otherwise affecting the characteristics of any food." This definition includes any
substance used in the production, processing, treatment, packaging, transportation,
or storage of food.
There are 2 different types of additives, viz., (1) Direct additives (intentional
additives), and (2) Indirect additives (unintentional additives).
1. DIRECT ADDITIVES / INTENTIONAL ADDITIVES
If a substance is added to a food for a specific purpose (and thus becomes an actual
ingredient), it is referred to as a direct additive. For example, the low-calorie
sweetener aspartame, which is used in beverages and other foods, is considered a
direct additive. Many direct additives are identified on the ingredient label of foods.
There are some cases in which the label can be misleading. Some ingredients can
be lumped together rather than listed individually. There are ingredients which
cannot be readily identified. Acetone-3-hydroxy-3-butanone, though it may sound
formidable, is one of the characteristic flavoring elements in margarine and is
generally not named. Of course, neither poisonous methanol (wood alcohol) nor
acetone (paint remover) is identified as a natural component of coffee, which
contains over 250 separately identifiable chemicals, many of which are considered
toxic when ingested individually.
2. INDIRECT ADDITIVES / UNINTENTIONAL
Indirect food additives are those that become part of the food in trace amounts due
to its packaging, processing, storage, or other handling operations. Such additives
can be further broken down into (a) Incidental-, and (b) Chance additives, although
the distinction between the two is not always sharp.
Incidental additives
Incidental additives are not considered as ingredients and yet can be present in food.
They are exempt from labeling regulations if present at insignificant levels and have no
technical or functional effect in food. They can therefore be considered as sub-
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ingredient of food. Incidental food additives also include those additives that have been
incorporated into food as an ingredient of another food, in which the substance did
have a functional or technical effect. Some examples are -carotene, smoke in the
smoked meat, oil in the fried fish, antioxidants in the raw material (e.g., frying oil),
Chance additives
These unintentional additives include contaminants that get into food accidentally,
e.g., pesticides from produce, hormones from meat and poultry, antibiotics,
processing aids, residues of packaging substances like printing ink and adhesives,
radionuclides, and bacterial or fungal toxins.
While incidental additives may not adversely affect food or its consumers, chance
additives are always a threat.
FUNCTIONS OF INTENTIONAL FOOD ADDITIVES
There are over 32 established functions of intentional food additives. A summary
of the main reasons for their use is:
1. To maintain or improve nutritional quality: fortification with vitamins and
minerals, use of antioxidants to prevent fatty foods from going rancid, etc
2. To enhance keeping quality and stability: preservatives to prevent food
from spoilage, packaging in inert gases, etc
3. To improve esthetic quality: use of color, flavor, emulsifiers, stabilizers,
bleaching agents, etc., to increase sensory appeal
4. To aid processing: alkali, buffers, acids, sequestrants, plasticizers, etc
Food additives are sometimes abused. To monitor this tendency, National
Academy of Sciences (1973) has listed the following situations in which additives
should not be used:
1.
2.
3.
4.
5.

To disguise faulty or inferior processes
To conceal damage, spoilage, or other inferiority
To deceive consumer
If use entails substantial reduction in important nutrients
If the desired effect can be obtained by economical, good manufacturing
practices
6. In amounts greater than the minimum necessary to achieve the desired effects

MAJOR FOOD ADDITIVE CATEGORIES
1. COLOR AND FLAVOR ADDITIVES
Flavor and color enhancers represent the largest group of food additives. There are
about 1,400 natural and synthetic flavors that add pizzazz to foods.
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COLOR ADDITIVES
A color additive is any dye, pigment or substance that can impart color when added
or applied to a food, drug, or cosmetic, or to the human body. Color additives are
used in foods for many reasons, including to offset color loss due to storage or
processing of foods and to correct natural variations in food color.
Colors permitted for use in foods are classified as certified (requiring certification)
and uncertified (exempt from certification). Uncertified colorants include pigments
derived from natural sources, such as -carotene, turmeric, caramel, titanium
dioxide, annatto, etc. There are 21 nature-identical colors which are also exempt
from certification.
Certified colors include synthetic dyes and pigments covered by the Color Additive
Amendment of the U.S. Food, Drug and Cosmetic Act (FD&C Act). These
colorants are designated with numbers and names. For example, FD&C Yellow No.
5 is also called tartrazine outside the United States. Similarly, FD&C Red No. 2
(which has now been removed from the list of approved colorants) was called
amaranth. Artificial dyes must be labeled separately on an ingredient label. FDA
currently allows nine synthetic dyes to be used in foods, three of which have
restricted uses (Table 12-1). See Fig. 12-1 for the structures of the certified colors.
NaOOC

N

H5C2
N

NaSO3

SO3Na

N CH2

N N

OH
FD&C Red No. 3
(Erythrosine)
 max 531; Brown
OCH3

HO

N N

SO3Na
C

SO3

SO3Na
N CH2
+
H5C2

OCH3
Citrus Red No. 2
For orange skin only

FD&C Blue No. 1
(Brilliant Blue FCF)
max 630nm; Reddish-violet

Fig. 12-1: Structures of certified colors (continued…)
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Fig. 12-1: Structures of certified colors
Table 12-1: Synthetic colors permitted by FDA
1
2
3
4
5
6
7
8
9

Color
Citrus Red No. 2
FD&C Blue No. 1
FD&C Blue No. 2
FD&C Green No. 3
FD&C Red No. 3
FD&C Red No. 40
FD&C Yellow No. 5
FD&C Yellow No. 6
FD&C Orange B

Alternative name
Brilliant blue FCF
Indigotine
Fast green FCF
Erythrosin
Allura red
Tartrazine
Sunset yellow FCF

Remarks
On orange skins only, 2ppm max
General food use
General food use
General food use
Restricted use
General food use
General food use
General food use
 In sausage casings only.

Over the years the originally permitted fat-soluble dyes have been removed from
the list of approved dyes and only water-soluble colors remain on the approved list.
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Synthetic dyes such as FD&C Violet No. 1, FD&C Red No. 2 and FD&C Red No.
4 have been banned because they have proved to be carcinogenic. FD&C Yellow
No. 5 has not been banned but may cause allergic reactions in some individuals.
Beginning in 1994, all color additives that FDA certifies for food must be listed on
the label.
Certified synthetic color additives are preferred over the natural counterpart for
their coloring ability. They are required in smaller quantities, are more stable, and
provide a wider range of hues. Certified color additives generally do not impart
undesirable flavors to foods, while color derived from foods such as beets and
cranberries can produce such unintended effects.
LAKES
Lakes are pigments prepared by the precipitation of a soluble organic dye on to an
insoluble, inorganic, adsorptive substrate (such as hydrated aluminum). The food
product is colored either by dispersion of the lake or by coating on to the surface.
The fundamental difference between lake and dye is: A dye is a distinct chemical
material, which exhibits coloring power when dissolved. The lakes are insoluble in
nearly all solvents.
Lakes are more stable than the corresponding water-soluble dyes. They produce a
wider range of color in a brighter hue. They are most suitable for products
containing oils and fats, or those lacking enough moisture to dissolve a dye. Some
interesting properties of lakes are.






Finer the lake particles, more uniform the color.
Stability to light is better than dyes.
pH stability is between 4-9
Insoluble in all solvents
Suitable for oil-based products or those with less moisture

FLAVOR ADDITIVES
Flavor is the sensation produced by a material taken in mouth, perceived
principally by the senses of taste and smell. In certain cases, flavor also denotes the
sum of the characteristics of the material which produce that sensation. The
primary role of flavor in food processing is to make the food palatable. The most
commonly used flavor additives are sugars, salt, and spices. Corn syrup and high
fructose corn syrup (HFCS) are used in the food industry to replace sucrose
(common white sugar) in soft drinks.
Other common flavoring agents include artificial sweeteners (such as acesulfame K,
aspartame and saccharin), herbs, autolyzed yeast, hydrolyzed plant and vegetable
proteins, ethyl vanillin, and various synthetic flavors that mimic natural flavors.
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THE SENSATION OF TASTE
Taste is a combination of chemical sensations perceived by the papillae of the
tongue. There are four basic taste sensations: sourness, saltiness, sweetness, and
bitterness. Most substances do not have a single taste, but a complex sensation
comprising more than one of the four basic sensations.
Sour taste is caused by hydrogen ions (acids, acid salts, and other substances that
give hydrogen ions in contact with water give sour taste). The threshold is about
0.002N. Saltiness is stimulated by soluble salts of low molecular weights. The
threshold level for the detection is 0.007-0.016%.
Sweetness of a substance can be related to the functional groups that make up the
glycophore units in a tripartite model (described shortly).
Bitter compounds require a polar (electrophilic or nucleophilic) group and a
hydrophobic group. The structure-activity relationships of bitter-tasting compounds
are not firmly established. There are large numbers of bitter substances in plants;
these are mainly classified into the alkaloids and glycosides.
TRIPARTITE MODEL
The theory of sweet taste is called the tripartite model. Basically, the tripartite
model says that a sweet-tasting compound (glycophore) must have three parts: AH,
B, and γ. AH is a group consisting of either a nitrogen or oxygen bearing a
hydrogen atom, such as NH, OH, or NH2. B is a group O, N, or any electronegative
center that is capable of attracting a hydrogen atom to form hydrogen bonding. The
γ component is not a specific functional group but is any hydrophobic portion of
the molecule.
These three components for sweetness require a specific geometric arrangement
(Fig. 12-2). The required distance between A and B is 2.6 Å, between B and γ is
3.5 Å, and between γ and A components is 5.5 Å. The sweetener binds to an active
site (glycophore receptor site) in a taste bud. This active site has the same three
components that the sweet molecule has. The sweet taste is then initiated by
intermolecular hydrogen bonding between this glycophore (AH, B) and the similar
AH, B of the receptor. The γ component functions to direct and align the molecule
as the AH, B glycophore approaches the receptor site.

A
H
B

2.6 A

B
H
A

Fig. 12-2: The tripartite model of glycophore-sweetener interaction
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The AH, B glycophore can be found in many carbohydrates and sweeteners.
Examples using -D-glucopyranose and saccharin are given in Fig. 12-3 and 12-4.
In the case of glucose, the explanation is as follows: the OH group of C4 has an
AH function. The O in OH group at C3 is the B unit while C6 is the γ unit.
This model also fits well with the saccharin molecule (Fig. 12-4). The B
component is an oxygen of the SO2 group, the NH group is the AH component,
and the benzene ring is the γ component.

CH2OH
O

AH HO
HO
B

OH

OH

Fig. 12-3: The tripartite model applied to -D-glucose
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Fig. 12-4: The tripartite model applied to saccharin
ARTIFICIAL SWEETENERS
Sweeteners can be divided into two groups, nonnutritive and nutritive sweeteners.
The nonnutritive sweeteners are interchangeably used with the term artificial
sweeteners. Artificial sweeteners are used for two reasons.
1. They have intense sweetness and therefore can be used in very small
amounts
2. Because they are nonnutritive, they can be used to cut calories in the food
without sacrificing taste.
The artificial sweeteners saccharin, cyclamate, aspartame, and acesulfame K are
calorie-free or low-calorie sugar substitutes. They have all been subjects of
controversy except acesulfame K.
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ASPARTAME
Aspartame, commonly known as NutraSweetTM or EqualTM, was discovered in
1965. It is about 180 times sweeter than ordinary sugar. Today, it dominates the
artificial sweetener market. In 1981, FDA approved aspartame, but questions
immediately arose about whether it could cause tumors in animals or epileptic-type
seizures in people. Although repeated scientific studies have found no conclusive
evidence for these harmful effects since aspartame was approved for use in soft
drinks in 1983, there have been consumer reports that the sweetener causes
headaches, dizziness, and other minor symptoms. The safety of aspartame has been
affirmed by FDA, but FDA continues to monitor the complaints. Researchers
continue to investigate aspartame.
Aspartame is a dipeptide derivative, L-aspartyl-L-phenylalanine methyl ester (Fig. 12-5).
CYCLAMATE
Cyclamate, which is 30-50 times sweeter than sucrose (depending on concentration;
it is not a linear relationship), was discovered in 1937 and was commonly used in
the 1950's and 1960's. It was banned by FDA in 1970 because studies suggested
that it caused cancer in rats. However, new researches indicate that cyclamate may
be safe after all, and the sweetener is currently under FDA review to decide if the
ban can be lifted.
Cyclamate is often used synergistically with other artificial sweeteners, especially
saccharin; the mixture of 10 parts cyclamate to 1 part saccharin is common and
masks the off-tastes of both sweeteners. It is less expensive than most sweeteners,
including sucrose, and is stable under heating.
Commercial cyclamate is the sodium or calcium salt of cyclamic acid
(cyclohexanesulfamic acid, Fig. 12-5). It is prepared by the sulfonation of
cyclohexylamine; this can be accomplished by reacting cyclohexylamine with
either sulfamic acid or sulfur trioxide.
SACCHARIN
Saccharin has been around the longest of any artificial sweetener. Discovered in
1879 at Johns Hopkins University, it is a petroleum-based product that has no
calories and is 300 times sweeter than sugar. In 1977, FDA proposed banning
saccharin because studies showed that it caused bladder tumors in rats. The public
vigorously protested, as it was the only artificial sweetener then available. In
response to the consumer demand for saccharin, Congress imposed an 18-month
moratorium on the ban until further research could be conducted. The moratorium,
known as the Saccharin Study and Labeling Act, has been extended several times
and probably will continue to be renewed. Saccharin remains available to
consumers but must carry this warning label: "Use of this product may be
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hazardous to your health. This product contains saccharin, which has been
determined to cause cancer in laboratory animals."
ACESULFAME POTASSIUM (ACESULFAME K)
It is a new sweetener approved in 1988 by the FDA. It is the potassium salt of 6methyl-1,2,3-oxathiozone-4(3H)-one-2,2-dioxide (molecular formula of C4H4NO4KS
and molecular weight of 201.24). It is 200 times sweeter than sugar. It is also
known as Ace K and marketed under the trade names Sunett and Sweet One.
O
C

CH3
O
N SO2
+
K
Acesulfame K
O

N-Na
C
O
Na-saccharine

NH SO2 ONa
Na-cyclamate
Phenylalanine
Aspartic acid

Methyl grp

CH2 O
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O
HO C CH2 CH C NH CH C OCH3
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Fig. 12-5: Some artificial sweeteners
Like saccharin, it has a slightly bitter aftertaste, especially at high concentrations.
Unlike aspartame, it is stable under heat, even under moderately acidic or basic
conditions, allowing it to be used in baking, or in products that require a long shelf
life. Acesulfame K is safe to use, at least at levels less than the acceptable daily
intake of 15 mg/kg of body weight.
Popular products containing acesulfame K include Diet Rite Cola, Pepsi One/Pepsi
Max, Coca-Cola Zero, etc. In diet sodas it is almost always used in conjunction
with another sweetener, such as aspartame or sucralose.
There are several other nonnutritive sweeteners, such as thaumatin (a peptide),
sucralose, etc.
FLAVOR INTENSIFIER/FLAVOR ENHANCER (POTENTIATOR)
A number of compounds have the ability to enhance or improve the flavor of foods.
It has often been suggested that these compounds do not have a particular taste of
their own. Some of such compounds are monosodium glutamate (MSG),
tricholomic acid, ibotenic acid, 5′-inosinic acid, 5′-guanylate, and maltol.
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MONOSODIUM GLUTAMATE (MSG)
Monosodium glutamate or MSG (trade name: AccentTM) is an additive sometimes
found in soups, broths, and restaurant food. It also is a component of other food
ingredients, including hydrolyzed vegetable protein and yeast extract.
Chemically, MSG is the sodium salt of glutamic acid. It is currently produced by
bacterial fermentation from molasses and starch. MSG improves the flavor of many
food products and is therefore widely used in processed foods. Products benefiting
from the addition of glutamate include meat and poultry, soups, vegetables, and
seafood. The flavor of glutamic acid is difficult to describe. Recent studies have
shown that MSG may provide a fifth basic taste (in addition to sweet, sour, salty,
and bitter). This flavor is called "umami" (a Japanese word connoting savory) and
is elicited by several substances naturally occurring in food.
NH2 O
O
HO C CH2 CH2 CH C ONa
Monosodium glutamate

Pure sodium glutamate is detectable in concentrations as low as 0.03%; at 0.05%
the taste is very strong and does not increase at higher concentrations. The taste has
been described as a mixture of four tastes. At about 2 threshold values of glutamate
concentration, it could be well matched by a solution containing 0.6 threshold of
sweet, 0.7 threshold of salty, 0.3 threshold of sour, and 0.9 threshold of bitter. The
presence of salt is required to produce glutamate effect. Glutamate taste is most
effective in the pH range of 6 to 8 and decreases at lower pH values. Sugar content
also affects glutamate taste.
MSG is in the GRAS list. This compound was full of controversy until recently.
FDA started investigation on its safety from 1970 to 1995 and has recently
declared safe for consumption at the present level of usage. The finding shows that
adult and children both can metabolize added glutamic acid equally well. However,
it has been found that an unknown percentage of population may react to MSG and
develop MSG symptom complex (that includes nausea, headache, rapid heartbeat,
and a burning sensation in neck, forearm, and chest). Under current FDA
regulation, foods containing MSG should contain on the label ‘contains glutamate’.
As a precaution, MSG is not allowed in baby foods.
COLOR AND FLAVOR PRESERVATIVES
Antioxidants
Antioxidants are used to prevent undesirable color and flavor changes in foods exposed
to oxygen in the air. Antioxidants often are found in oil-containing foods, such as
potato chips, crackers, sausages, and nuts. The following are common antioxidants:
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Ascorbic acid or sodium ascorbate (vitamin C)
Butylated hydroxyanisole (BHA)
Butylated hydroxytoluene (BHT)
Erythorbic acid
Propyl gallate
Sodium erythorbate
Tertiary butylated hydroquinone (TBHQ)
Tocopherols (vitamin E)

Chelating agents
Certain minerals in food  especially iron and copper  speed up the spoilage of
foods through oxidation. To prevent this, special food additives called sequestrants,
or chelating agents, are used to tie up these minerals and help prevent undesirable
flavor and color changes. Some common chelating agents are disodium EDTA,
polyphosphates, and citric acid.
2. FAT SUBSTITUTES
The newest category of food additives is fat substitutes. Three major substitutes are
olestra (also known by its chemical name, sucrose polyester), polydextrose, and
SimplesseTM. Some starches and gums also are used as fat substitutes, usually for
oil or shortening in low-fat or fat-free baked goods. Oils and shortenings make a
product moist and tender. Starches and gums can absorb water and mimic the
moistness and tenderness provided by oils and shortenings. Many other fat
substitutes are in developmental stages. Both SimplesseTM and polydextrose have
FDA approval, but approval for olestra is pending until its safety is established.
OLESTRA
Olestra is not absorbed by the body and, therefore, does not contribute any calories.
It is stable at high temperatures, so it can be used in shortenings, cooking oils, and
products that are heated, such as potato chips and French fries. Another advantage
of olestra is that it may help lower blood cholesterol by binding to cholesterol in
food and preventing its absorption into the blood.
POLYDEXTROSE
Each gram of polydextrose, which was approved by FDA in 1981, provides about 1
calorie. Polydextrose does not have much flavor of its own. It can partially replace
both fat and sugar in some low-calorie versions of high-calorie foods, such as cakes
and other baked goods, candies, frostings, puddings, and salad dressings.
SIMPLESSETM
SimplesseTM is made from protein that comes from eggs or skim milk. Through a
special process called microparticulation, the protein is formed into tiny round
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beads. These beads are so small that 50 billion of them fit in a teaspoon. When
eaten, they roll over each other on the tongue, mimicking the creamy texture of fat.
SimplesseTM fools your taste buds, making you think you are eating fat when you
are really eating protein.
Unlike olestra, SimplesseTM is absorbed through the digestive system, but it only
contains 1.3 calories in each gram. This is substantially less than regular fat, which
has 9 calories per gram. Because it is made from protein, SimplesseTM cannot be
heated to high temperatures (it would decompose or congeal). It can, however, be
put on hot foods, such as baked potatoes. It also can be used to replace some of the
fat in sour cream, butter, margarine, yogurt, salad dressings, and processed cheeses.
3. ANTIMICROBIALS
Sugar and salt, two of the most common food additives, help preserve foods as well
as provide flavor. They chemically bind to the molecules of water in food, making
the water unavailable to micro-organisms that require it for their growth and
reproduction. Sugar and salt also destroy bacteria by causing water to flow out of
the bacteria, depriving the microorganisms of this life-supporting nutrient.
Various acids also prevent or slow the growth of microorganisms and are effective
against pathogenic bacteria. Typical acids used in processed foods include acetic
acid, which is used in mayonnaise and catsup and is the chief ingredient in vinegar;
phosphoric and citric acids, which are added to many carbonated beverages (citric
acid also helps to enhance the flavor of soft drinks); and benzoic acid, which
occurs naturally in cranberries and prevents the growth of many microorganisms.
Mold inhibitors, such as sodium- and calcium propionate, are commonly used in
breads and cakes. Sorbic acid, another mold inhibitor, is used in cheese as well as
in some beverages and pet foods. Sodium nitrite helps prevent botulism, a
potentially deadly disease, by inhibiting the bacterium Clostridium botulinum.
4. NUTRITIONAL ADDITIVES
Many nutrients are used to fortify or enrich foods. Fortified foods contain added
vitamins and minerals that are not naturally present in the food or that are found
only in low levels.
Enriched foods contain nutrients added to compensate for those that were lost
during processing. For example, whole-wheat kernels lose substantial amounts of
vitamins, minerals, and fiber when refined into white flour. Some of these lost
nutrients, including iron and the B vitamins thiamine, riboflavin, and niacin, are
restored through enrichment to approximately their original levels.
Some other commonly used nutritional additives are vitamin C, which is added to
fruit juices or fruit drinks to increase the level already present; vitamin A, which is
added to margarine to make it nutritionally similar to butter; and calcium, which is

FOOD CHEMISTRY

217

sometimes added to milk, orange juice, and flour to help prevent osteoporosis.
Milk solids, which contain high-quality protein, can be added to flour to increase
its nutritional value and to yogurt to increase its protein and lactose levels.
During the past several years, food companies have been adding fiber, especially
oat bran, to a variety of foods. Oat bran and other types of soluble fiber help lower
blood cholesterol when eaten as part of a low-fat, low-cholesterol diet. Examples of
other nutritional additives include the following:















Biotin
Calcium caseinate
Calcium pantothenate
Cyanocobalamin (vitamin B12)
Folic acid
Iron (ferric orthophosphate, ferric sodium pyrophosphate, ferrous fumarate,
ferrous gluconate, and ferrous sulfate)
Magnesium chloride
Potassium caseinate
Potassium iodate
Pyridoxine hydrochloride (vitamin B6)
Sodium caseinate
Vitamin A palmitate
Zinc gluconate
Zinc oxide

5. TEXTURE-IMPROVING ADDITIVES
A variety of additives are used to improve the texture of foods.
ANTICAKING AGENTS
These additives are used in dry, powdery foods. They absorb water so that the
product remains dry and flows freely without clumps. Two common anticaking
agents are silicates (used in table salt) and cornstarch (added to sugar). Magnesium
stearate, magnesium carbonate, and dextrose also are used.
DOUGH CONDITIONERS
Also called dough improvers or maturing agents, these additives act on starch or
wheat protein (gluten) in a variety of ways to improve the baking performance of
flour. Some conditioners are added at the flour mill, whereas others are added at
the bakery. Some are for general use, and others are used specifically in either
breads or cakes.
Dough conditioners, called oxidizing agents (for example, bromate, ascorbic acid,
and azodicarbonamide), cause chemical changes in the protein, producing a
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stronger gluten, which helps bread retain its structure after rising and baking.
Oxidizing agents give baked products more volume, softer texture, finer grain, and
finer crumbs. Additives called reducing agents (such as cysteine hydrochloride)
make the gluten more extensible to provide dough that would otherwise be too
tough.
Some dough conditioners play more than one role. Stearoyl-2-lactylate, for
example, softens crumbs and strengthens dough. Monoglycerides are dough
conditioners that keep bread soft over time and help prevent staling.
Freshly milled flour has a yellowish tint and its baking quality is not good. During
storage, the color whitens and the baking quality slowly improves. Some dough
conditioners can speed up this process. For example, benzoyl peroxide and chlorine
dioxide gas bleach flour and are also used in cakes to produce the desired fluffiness
and tenderness.
Certain enzymes also function as dough conditioners. Lipoxygenase helps make
bread white by oxidizing fatty acids. Protease enzymes, derived from fungi, make
bread dough more pliable and extensible, and -amylase helps the fermentation of
bread dough.
EMULSIFIERS
Emulsions are fundamentally the colloidal dispersion of two liquids that aren't
ordinarily miscible, such as oil and water. On a microscopic level, an emulsion will
appear as small droplets of one material dispersed into a continuous phase of the
other. Thus, an emulsion can basically be either water-in-oil (W/O) or oil-in-water
(O/W, Fig. 12-6). A third component which is sometimes included is air, as in ice
cream. Thus, milk is an O/W emulsion with milk serum as the continuous phase
and fat globules as the dispersed phase. Butter, which contains about 20% moisture,
is a W/O emulsion in which fat is the continuous phase. Salad dressings (e.g.,
mayonnaise), margarine, etc., are some examples of man-made emulsions.

oil
water

Fig. 12-6: An oil-in-water emulsion
Emulsifiers, sometimes called surface active agents, are agents that prevent the
separation of the oil and water portions of a food product and help maintain a
uniform consistency. It should be understood clearly that an emulsifier does not
create emulsions, as the name indicates. Emulsions result from mechanical energy.
Emulsifiers simply lock the emulsion that has been created.
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Emulsifiers have an unlimited number of uses, not just limited to emulsifier
functionality. In fact, industry sources indicate that only about 15% to 20% of
emulsifiers are used to stabilize emulsions. Because of their unique molecular
structure, emulsifiers have many diverse functions that can improve the quality of a
wide variety of food products. Some of the categories of uses apart from
emulsification are:







As release agent (prevents food particles from sticking on the equipment
surface)
As instantizing agent (increases dispersibility of powders by preventing
lump formation)
As crystal modifier (controls the polymorphic forms of plastic fat)
In protein interaction (improves gluten network in dough)
In foam stabilization/aeration (stabilization of entrapped air in ice cream)
As starch complexing agent (prevents retrogradation of starch that is
responsible for staling)

With the exception of lecithin and monoglycerides, all emulsifiers used in foods
are synthetic, derived from fatty acids. Food emulsifiers include the following:












Calcium stearoyl lactylate
Mono and diglycerides
Dioctyl sodium sulfosuccinate
Hydroxypropyl cellulose
Lecithin
Polysorbate 60, 65, and 80
Propylene glycol
Sodium hexametaphosphate
Sodium lauryl sulfate
Sodium stearoyl lactylate
Sorbitan monostearate

Emulsifiers are characterized as ionic and non-ionic and by their hydrophilelipophile balance (HLB). Emulsifier functionality is the direct result of their
chemical structure, which consists of two parts. The first is a hydrocarbon chain
that is lipophilic. The other part is a hydrophilic polar group. All the emulsifiers
listed above exhibit this property. The dual affinities of an emulsifier molecule
cause these molecules to orient themselves at the interface between the droplets
and the continuous phase  the lipophilic part of the molecule in the oil, the
hydrophilic portion in the water. This prevents the droplet from coalescing with
other droplets and breaking the emulsion.
In the case of mono- and diglycerides, for example, the glycerol part forms the
hydrophilic ‘head’ while the fatty acid moiety forms the lipophilic ‘tail’. The head
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portion is soluble in aqueous phase while the tail portion is soluble in the oil phase,
thereby holding together the normally immiscible water and oil phases (Fig. 12-7).
Aqueous phase

Fat phase

CH2O

Fatty acid
(tail)

CHO
CH2O

Fig. 12-7: Action of hydrophilic and lipophilic parts of an emulsifier
The hydrophilic and lipophilic property of the emulsifier is described by a scale
called HLB (hydrophilic-lipophilic balance). The HLB scale ranges from 0 to 20 and
it indicates an emulsifier’s relative overall attraction to either oil or water. A low
HLB indicates a strongly lipophilic emulsifier, while a high HLB indicates one that is
strongly hydrophilic. HLB values are determined by the chain length and
unsaturation of the fatty acid chain. An idea on the effect of HLB value can be
obtained from the comparison given in Table 12-2.
Table 12-2: HLB values and the related properties of emulsifiers
HLB
1-4
3-6
6-8
8-10
10-13
13+

Water dispersibility
Insoluble, no dispersibility
Poor dispersibility
Milky dispersion
Milky dispersion (stable)
Cloudy to clear dispersion
Soluble, clear dispersion

Application
W/O emulsion
Wetting agent
O/W emulsion
O/W emulsion
Detergents, solubilizers

HUMECTANTS
These substances help foods retain moisture. Glycerin and sorbitol, which regulate
water activity and control moisture equilibrium, are humectants used in candies,
confections, and shredded coconut. Certain gums also have humectant properties
when used in candies.
MEAT TENDERIZERS
Meat tenderizers are not used by commercial slaughter houses nor meat processing
plants. They are used occasionally by meat wholesalers who supply meat to
restaurants. However, most meat tenderizers are used by consumers, who apply
them to meat at home.
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Two substances used for tenderizing meat are bromelin, which comes from
pineapples, and papain, which is derived from leaves of the papaya plant. These are
called proteolytic enzymes because they break down and soften meat protein.
THICKENERS
These additives are used to create smoothness and add body to many foods,
including gravies, pie fillings, chocolate milk, and puddings. They also can cause
foods to gel. Gums and starches, which combine with water to increase viscosity,
are common thickeners.
GUMS FROM SEVERAL SOURCES
Carrageenan, derived from seaweed, often is used in chocolate milk. Agar, which
also comes from seaweed, gives gelatin its unique texture. Pectin is the major gum
found in fruits and is necessary for producing jellies. Other plant gums include
locust bean, acacia, and tragacanth. All these gums have a chemical makeup
similar to that of a carbohydrate and are widely used in the food industry.
Starches typically come from wheat, potatoes, corn, or tapioca and serve many
functions as food additives. For example, cream-style corn requires starch for its
creamy texture. Although many natural starches lose their ability to hold water
during freezing or heating, they can be chemically modified to improve their
stability in foods; thus, the term "modified starch" appears on many ingredient
labels.
Algin, alginic acid, microcrystalline cellulose, carboxymethylcellulose (CMC),
xanthan gum, and polydextrose also are thickening agents. They are found in baked
goods, salad dressings, puddings, and fruit pie fillings.
REGULATION OF FOOD ADDITIVES
Over the years, improvements have been made in increasing the efficiency and
ensuring the safety of all additives. Today food and color additives are more
strictly regulated. Food and Drug Administration (FDA) has authority over food
and food ingredients and defines requirements for truthful labeling of ingredients.
Today, every additive must obtain an approval from the FDA before its inclusion in
food. The manufacturer is also required to prove an additive’s safety for the ways it
will be used.
The Food Additives Amendment to the FD&C Act exempted two groups of
substances from the food additive regulation process. They are (i) prior sanctioned
substances, and (ii) GRAS substances.
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PRIOR SANCTIONED SUBSTANCES
All substances that FDA or the U.S. Department of Agriculture (USDA) had
determined were safe for use in specific food prior to the 1958 amendment are
designated as prior sanctioned substances. Examples of prior-sanctioned substances
are sodium nitrite and potassium nitrite used to preserve luncheon meats.
GRAS SUBSTANCES
A second category of substances excluded from the food additive regulation
process are generally recognized as safe or GRAS substances. GRAS substances
are those whose use is generally recognized by experts as safe, based on their
extensive history of use in food before 1958 or based on published scientific
evidence. Salt, sugar, spices, vitamins, and monosodium glutamate are classified as
GRAS substances, along with several hundred other substances. Manufacturers
may also request FDA to review the use of a substance to determine if it is GRAS.
Since 1958, FDA and USDA have continued to monitor all prior sanctioned and
GRAS substances in light of new scientific information. If new evidence suggests
that a GRAS or prior sanctioned substance may be unsafe, federal authorities can
prohibit its use or require further studies to determine its safety.
In 1960, Congress passed similar legislation governing color additives. The Color
Additives Amendments to the FD&C Act require dyes used in foods, drugs,
cosmetics, and certain medical devices to be approved by FDA prior to their
marketing.
Color additives must also undergo rigorous safety tests before being allowed in
food. Of the original 200 provisionally listed color additives, 90 have been listed as
safe and the remainder have either been removed from use by FDA or withdrawn
by industry.
Both the Food Additives and Color Additives Amendments include a provision
which prohibits the approval of an additive if it is found to cause cancer in humans
or animals.
Regulations known as Good Manufacturing Practices (GMP) limit the amount of
food- and color additives used in foods. Manufacturers use only the amount of an
additive necessary to achieve the desired effect.
HOW ARE ADDITIVES APPROVED FOR USE IN FOODS?
To market a new food or color additive, a manufacturer must first petition FDA for
its approval. Approximately 100 new food- and color additives petitions are
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submitted to FDA annually. Most of these petitions are for indirect additives such
as packaging materials.
A food or color additive petition must provide convincing evidence that the
proposed additive performs as it is intended. Animal studies using large doses of
the additive for long periods are often necessary to show that the substance would
not cause harmful effects at expected levels of human consumption. Studies of the
additive in humans also may be submitted to FDA.
In deciding whether an additive should be approved, the agency considers the
composition and properties of the substance, the amount likely to be consumed, its
probable long-term effects and various safety factors. Absolute safety of any
substance can never be proven. Therefore, FDA must determine if the additive is
safe under the proposed conditions of use, based on the best scientific knowledge
available.
If an additive is approved, FDA issues regulations that may include the types of
foods in which it can be used, the maximum amounts to be used, and how it should
be identified on food labels. In addition, FDA operates an Adverse Reaction
Monitoring System (ARMS) to help serve as an ongoing safety check of all
additives. The system monitors and investigates all complaints by individuals or
their physicians that are believed to be related to specific foods; food and color
additives; or vitamin and mineral supplements. The ARMS computerized database
helps officials decide whether reported adverse reactions represent a real public
health hazard associated with food, so that appropriate action can be taken.

CHAPTER 14: BROWNING IN FOODS
The term browning in foods refers to any dark color development during processing,
injury or storage. Browning in foods can be conveniently divided into two types, viz.,
(i) Non-enzymatic browning, and (ii) Enzymatic browning.
Browning reactions, whether enzymatic or non-enzymatic, have both desirable and
undesirable aspects, some of which are discussed below:
DESIRABLE ASPECTS
The desirable aspects include formation of attractive brown crust on bread, brown
color of roasted meat and nuts, coffee, soy sauce, etc. Preparation of caramel color
involves non-enzymatic browning and this color is used in many alcoholic and
non-alcoholic beverages.
UNDESIRABLE ASPECTS
The undesirable effects of browning in food are related to esthetic, nutritional, and
health aspects. Browning that occurs in dried milk powder, liquid milk, egg powder,
starch, and injured or cut fruits & vegetables are some examples of undesirable
aspects of browning that have to do with esthetic quality of the food. Browning
reaction, depending on its type, reduces the nutritional value of food. For example,
it may reduce the absorption of zinc and availability of essential amino acid lysine
in man. Loss of essential amino acids like lysine, arginine, and histidine is known
to occur during browning reaction. There is speculation that browning also
produces mutagenic chemicals.
Maillard reactions (discussed shortly) are also natural consequences of aging.
Proteins and carbohydrates react in a similar chemical manner at body temperature
(albeit more slowly) as when they are baked into an appetizing item. Over time,
lens crystallin (a protein) will turn brown. Glycation end products of the Maillard
reaction have been isolated from Alzheimer's disease lesions. Maillard reaction
products have also been implicated in pathologies associated with atherosclerosis
and diabetes mellitus.
NON-ENZYMATIC BROWNING
There are four principle types of non-enzymatic browning, viz.,
1. Maillard browning
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2. Caramelization
3. Ascorbic acid browning
4. Lipid peroxidation
MAILLARD BROWNING
Maillard reaction (first discovered by Louis Camille Maillard in 1912) is a type of
non-enzymatic browning which involves the reaction of simple sugars (carbonyl
groups) with amino acids, peptides and proteins (free amino groups). The reaction
occurs in a complex series of steps to ultimately form brown, nitrogenous polymers
and copolymers called melanoidins. Maillard reaction causes changes in color,
flavor and nutritive value in food.
Maillard reactions are very complex and are yet to be fully understood. The
classical scheme given by Hodge in 1953 (Fig. 13-12) is used to this day to
describe Maillard reaction. The mechanism of Maillard reaction has been divided
into different steps by various authors. Some divide it into 2 steps, some 3 steps,
and some 5 steps. However, the essence of them all is the same. A system that
describes Maillard browning as a 5-step process is as follows:
Step 1: Formation of glycosylamine
The initial reaction is the condensation of the carbonyl group of a reducing sugar
(aldose or ketose) with a primary amino group of an amino acid, peptide, or protein
to form N-substituted glycosylamine with the loss of a molecule of water. Thus, an
aldose gives aldosylamine and a ketose gives ketosylamine.
CH2OH
O

Reducing sugar
(aldose or ketose)

CHO RNH2
CHOH
(CHOH)3
CH2OH

OH
CH NHR
CHOH
(CHOH)3
CH2OH

H2O

CH2OH
O
NHR
Glycosylamine

RNH2 = -amino acid

Fig. 13-1: Glycosylamine formation in Maillard reaction
The reaction is acid-catalyzed, reversible, favored at low water content, and
requires reducing sugar in open-chain form. After addition of amine and
elimination of water molecule, the ring closes again.
Step 2: Intramolecular rearrangement of glycosylamine to form glycosamine
Glycosylamine is unstable and undergoes intramolecular arrangement with the
involvement of a proton, H+. There are two types of rearrangement reactions, viz.,
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(i) the Amadori rearrangement, and (ii) the Heyns rearrangement. Amadori
rearrangement leads to the formation of ketosamine (termed Amadori product)
from aldosylamine whereas Heyns rearrangement leads to the formation of
aldosamine (called Heyns product) from ketosylamine. Amadori rearrangement
involves protonation at carbon 1 while Heyns rearrangement involves protonation
at carbon 6 as shown in Fig. 13-2 and Fig. 13-3.
CH NHR
H C OH
H
+H+
HO C H
HO
H C OH
H
H C O
H
CH2OH
-D-Glucopyranosylamine

+
CH NHR
CH NHR
CH2 NHR
CH2 NHR
C OH +
C O H
C O
C OH
-H
C H
HO C H
HO C H
HO C H
C OH
H C OH
H C OH
H C OH
C OH
H C OH
H C OH
H C OH
..
CH2OH
CH2OH
CH2O H
CH2O
1-amino-1-deoxy-D-fructopyranose

Fig. 13-2: Amadori rearrangement scheme

HOH2CCNHR
HOCH
HCOH
HCOH
CH2O

+H+

H
H C O H
+
C NHR
HOCH
HCOH
HCOH
CH2OH

-D-Fructopyranosylamine

-H+

H
C O
H C NHR
HOCH
HCOH
..
HCO H
CH2OH

HCOH
H C NHR
HOCH
HCOH
HCO
CH2OH
Amino-2-deoxy-D-glucopyranose

Fig. 13-3: Heyns rearrangement scheme
Step 3: Intermolecular rearrangements of aldosamine and ketosamine
This step involves a second rearrangement of the ketosamine with a second mole of
aldose to form a diketosamine (Fig. 13-4), or the reaction of an aldosamine with a
second mole of amino acid to yield diamino sugar. The formation of these
compounds involves complex reactions and, in contrast to the formation of primary
products, does not occur on a mole-for-mole basis. Deamination and further
isomerization leads to several dicarbonyl compounds (Fig. 13-5).
Step 4: Degradation of amino sugars
This involves degradation of the amino sugars with loss of one or more molecules
of water to give amino or non-amino compounds. There are three general pathways
for the degradation, viz.:
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First pathway: Fission pathway
This involves fission of methyl dicarbonyl intermediates from Amadori product to
give aldehydes, dicarbonyls, and reductones. Retro-aldol condensation (reverse of
aldol condensation) of reductones leads to development of flavor compounds such
as acetaldehyde, pyruvaldehyde, diacetyl, and acetic acid (Fig. 13-8). These
compounds are then heterocyclized into pyrazines, pyrroles and oxazones.
CH2OH
O

O
+

H
O
CH2 N CH2 C OH

Glucose

Mono fructose glycine

several steps
O

O
CH2 N CH2
CH2
COOH

Difructose glycine

Fig. 13-4: Formation of diketosamine
CH3
C O
C O
HCOH
HCOH
CH2OH

Fig. 13-5: Methyl dicarbonyl intermediate
Aldol condensation refers to condensation of aldehydes to produce a molecule that
has both aldehyde and alcohol group. The reaction involves simply addition of
molecules with some rearrangement, viz., migration of hydrogen atom of one
aldehyde to the carbonyl group of another to form a hydroxyl group. For instance,
two molecules of acetaldehyde form 3-hydroxybutanal as shown in Fig. 13-6.
Reductones are compounds containing an enediol structure stabilized by
conjugation and hydrogen bonding with an adjacent carbonyl group,
RC(OH)=C(OH)C(=O)R. They are strong reducing agents, fairly strong acids, and
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commonly derived from saccharides by oxidation at the carbon atom  to the
carbonyl function, e.g., ascorbic acid. In Maillard reaction, the reductones result
from Heyns rearrangement. A typical example is shown in Fig. 13-7.
O
O
CH3 C H + CH3 C H

OH
O
CH3 CH CH2 C H

Acetaldehyde Acetaldehyde

3-hydroxybutanal

3

2

1

Fig. 13-6: Example of aldol condensation
CH3
CH3
C O Ketoenolization C O
C O
COH
HCOH
COH
R
R
Dehydroreductone
Reductone
(dicarbonyl)

Fig. 13-7: Structures of dehydroreductone and reductone

HC O
C O
CH2
CHOH
CHOH
CH2OH
3-deoxyhexosone

HC O
CH2OH
+H2O
C O
C O
CH3
CH2OH
Dihydroxyacetone
Pyruvic aldehyde
HC O
CHO
-H2O
C O
CHOH
CH3
CH2OH
Pyruvic aldehyde
Glyceraldehyde

Fig. 13-8: Example of retro-aldol condensation (first pathway)
Second pathway: Dehydration pathway
This involves dehydration of Amadori products. The first reaction involves 1,2enolization in acidic media (in neutral or alkaline media, the 2,3-enolization is
favored). Loss of one molecule of water by elimination of the hydroxyl group at C3
gives a Schiff base (a Schiff base or Schiff's base is a functional group or type of
chemical compound containing a carbon-nitrogen double bond with the nitrogen
atom connected to an aryl group or an alkyl group but not hydrogen). Subsequent
deamination at C1 and addition of water yields 3-deoxyosulose. This compound
then dehydrates to 3,4-deoxyosulos-3-ene. The elimination of one final molecule of
water gives furan ring, which is eventually converted to furfural derivatives,
mainly hydroxymethyl furfural (HMF). HMF (Fig 13-9) gives dark brown color
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and can produce heterocyclic compounds such as pyrazines (Fig. 13-10) and
pyrroles which are responsible for roasted, bready, nutty flavor of heated foods.
Third pathway: The Strecker degradation pathway
This pathway involves the degradation of free amino acids by the dicarbonyl
compounds and dehydroreductones from the First pathway. Amino acids are
degraded to the corresponding aldehydes (called strecker aldehydes) of one carbon
atom less with the loss of CO2. The reaction is a complex one. A typical scheme is
given in Fig. 13-11.
H CH NHR
C O
HO C H
H C OH
H C OH
CH2OH

CH NHR
C OH
HO C H
H C OH
H C OH
CH2OH

Fructosamine
(ketosamine)

Enol form

H2O

CH NR
C OH
C H
H C OH
H C OH
CH2OH
Schiff base

H 2O
RNH2

HOH2C

O

CHO

CHO
C
C H
O
C H
C
CH2OH

CHO
C O
C H
C H
H C OH H2O
CH2OH

H 2O

Hydroxymethyl
furfural (HMF)

CHO
C OH
C H
H C OH
H C OH
CH2OH

3,4-deoxyosulos-3-ene

3-deoxyosulose

Fig. 13-9: Amadori product leading to furfural formation (second pathway)
N

CH3

N
Pyrazine
O O
O
CH3 C C CH3 + CH3 C H + NH3
Diacetyl
Acetone

2H2O H3C

N

H3C
CH3
O
Trimethyl oxazoline

Fig. 13-10: Some flavor components arising from Maillard reaction (2nd pathway)
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R1 C C R2
Dicarbonyl
R' CH C OH
NH2
-amino acid

CO2

O
R' C H
Corresponding
aldehyde
OH
R1 C C R2
NH2

O
R1 CH C R2
NH2
Aminoketone
(dominant)

Fig. 13-11: Example of Strecker degradation (3rd pathway)
Step 5: Condensation and polymerization into color and flavor compounds
This stage involves condensation of the compounds formed in step 4 with each
other or with amino compounds to form aldemines and ketimines, and finally to
brown nitrogenous polymers and copolymers, collectively termed as melanoidins.
The chemistry of these compounds is not well-known and their formation
mechanism also remains obscure. The molecular weight of these compounds
increases as browning proceeds, until eventually they become insoluble high
molecular weight species.
The composition of the melanoidin mixture has been elucidated for mixtures
containing glucose or arabinose and glycine. In general, the ratio of sugar to amino
acid is 1:1 for pentoses and 1.5:1 for glucose. For glucose-glycine melanoidins it is
thought that formaldehyde, formed by the Strecker degradation of glycine, also
becomes part of the melanoidin structure. There is evidence of heterocyclic
compounds present in melanoidin structure.
FACTORS AFFECTING MAILLARD BROWNING
The influence of reaction components and reaction conditions results in a wide
variety of reaction patterns. Many of these conditions are interdependent.
Concentration of reactants, and reactant type, pH, time, temperature, water activity,
free radicals and antioxidants are known to affect Maillard reaction.
Increasing temperature results in a rapidly increasing rate of browning. In model
systems the browning rate increases by 2-3 times for each 10°C rise in temperature.
In foods containing fructose, the increase may be 5-10 times for each 10°C rise.
The effect of temperature on the reaction rate of D-glucose with DL-leucine is
given in Fig. 13-13.
In the Maillard reaction, the basic amino group disappears; therefore the initial pH
or the presence of a buffer has an important effect on the reaction. The browning is
slowed down by decreasing pH, and the reaction can be said to be self-inhibitory
since the pH decreases with the loss of the basic amino group. The effect of pH on
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the reaction rate of D-glucose with DL-leucine is given in Fig. 13-14. The effect of
pH on the browning reaction is highly dependent on moisture content. When a
large amount of water is present, most of the browning is caused by caramelization,
but at low water levels and at pH greater than 6, the Maillard reaction is
predominant.
Aldose + Amino
sugar compound

N-substituted
glycosylamine

+ H 2O

AMADORI REARRANGEMENT

1-amino-1-deoxy-2-ketose
(1,2-enol form)
(Acidic)

(Basic)

(High temp.)

-2H2O
+-amino acid

Schiff base,
or HMF, or
Furfural

Reductones
Strecker
degradation

-(Amino compd
+ H2O)
HMF, or
Furfural

-2H

+2H

Dehydroreductones

Fission products
(Acetol, diacetyl
pyruvaldehyde, etc)

CO2
+

Strecker
aldehyde
+ Amino
compd

With or without
amino compd

+ Amino
compd

+ Amino
compd

Aldimines
or
Ketimines

Aldimines

Aldols and
N-free polymers
Aldimines

+ Amino
compd

MELANOIDINS
(BROWN NITROGENOUS POLYMERS AND COPOLYMERS)

Fig. 13-12: Modified Hodge scheme for Maillard browning
The nature of sugars in a non-enzymatic browning reaction determines their
reactivity. Reactivity is related to their conformational stability or to the amount of
open-chain structure present in solution. The order of reactivity in some sugar
types is: Pentose > Hexose > Disaccharides.
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Non-reducing disaccharides only react after hydrolysis has taken place. The order
of reactivity of some aldohexoses is: Mannose > Galactose > Glucose.
40oC

0.18
0.16

23.9oC

0.14
0.12
0.10
0 oC

0.08
0.06
0

2000
4000
Time (min)

6000

Fig. 13-13: Effect of temperature on reaction rate of D-glucose with DL-leucine
0.20

pH 9.5

0.18
0.16
0.14

pH 9.2

0.12
0.10
pH 8.65

0.08
0.06
0

1000
2000
Time (min)

3000

Fig.13-14: Effect of pH on reaction rate of D-glucose with DL-leucine
The effect of amino acids can be summarized as follows:






In the -amino acid series, glycine is the most reactive
Longer and more complex substituent groups reduce the rate of browning
In the -amino acid series, browning rate increases with increasing chain
length. Ornithine browns more rapidly than lysine
When the reactant is a protein, particular sites in the molecule may react
faster than others
In proteins, the -amino group of amino lysine is particularly vulnerable to
attack by aldoses and ketoses
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PREVENTION OF MAILLARD BROWNING
Methods of preventing Maillard browning could consist of measures intended to
slow reaction rates, such as control of moisture, temperature, or pH, or removal of
an active intermediate. Generally, it is easier to use an inhibitor. One of the most
effective inhibitors of browning is sulfur dioxide. The action of sulfur dioxide is
unique and no other suitable inhibitor has been found. It is known that sulfite can
combine with the carbonyl group of an aldose to give an addition compound:
NaHSO3 + RCHO  RCHOHSO3Na
However, this reaction cannot possibly account for the inhibitory effect of sulfite. It
is thought that sulfur dioxide reacts with the degradation products of the amino
sugars, thus preventing these compounds from condensing into melanoidins. A
serious draw-back of the use of sulfur dioxide is that it reacts with thiamine and
proteins, thereby reducing the nutritional value of foods.
CARAMELIZATION
Caramelization is defined as the thermal degradation of sugars leading to the
formation of volatiles (caramel aroma) and brown-colored products (caramel
colors). Caramelization entails a series of complex reactions, some of which are
still not well understood. The reactions, in sequence, include intramolecular
arrangement of sugar molecule, dehydration, degradation, condensation, and
polymerization.
The intramolecular rearrangement consists of 1,2 enolization of aldose to form 1,2enediol (Fig 13-5). This intermediate can participate either in the dehydration step
(called  elimination, Fig. 13-6) to form deoxyosulose and then to HMF (Fig 13-9)
or participate in the degradation process such as retro-aldol condensation
(dealdolization, Fig. 13-17), dicarboxylic cleaving, aldol condensation (Fig. 13-18),
and radical reaction (Fig. 13-19).
Caramel is made by heating food grade carbohydrates, generally a high dextrosecontaining starch hydrolysate or corn syrup. The process is acid- or base catalyzed
and generally requires temperatures >120°C at pHs between 3 and 9. Some of the
reaction steps of caramelization are similar to that of Maillard reaction.
Caramelization however does not require the presence of amino acids. The sugar
does not have to be a reducing one. If complex sugars and carbohydrates are used,
they must of course be hydrolyzed with acids (acetic, citric, phosphoric, or lactic
acid) before high-temperature caramelization.
The generation of flavors and colors in thermally induced caramelization requires
that sugars, normally monosaccharide structures, to first undergo intramolecular
rearrangements. The reaction causes the release of H+. Thus the pH of the solution
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undergoing caramelization falls with time, eventually into the slightly acidic region
of pH 4-5.
The reactions leading to caramel color is a very complex one, depending on whether
the reaction has been carried out under acidic or alkaline condition. In an acidic
condition, thermal caramelization is thought to involve reaction described above.
H C O

H C OH

H C OH

CH2OH

C OH

(CHOH)3

C O

(CHOH)3

CH2OH

(CHOH)3

CH2OH

Aldose

CH2OH

1,2-enediol

ketose

Fig. 13-15: Enolization in caramelization
H C O
H C OH
C OH

-H2O

(CHOH)3

+H2O

H C O

C OH

C O

CH

CH2

(CHOH)2

(CHOH)2

CH2OH

CH2OH
3-deoxyhexulose

CH2OH
1,2-enediol

Fig. 13-16: Dehydration (-elimination ) in caramelization
CH2OH
C O

H C OH

CH2OH
Dihydroxyacetone

C OH
CHOH
CHOH
CHOH

CHO

CH2OH

CHOH

1,2-enediol

CHO
-H2O

CH2OH
Glyceraldehyde

COOH

+H2O

C O

CHOH
CH3
Lactic acid

CH3
Pyruvic aldehyde

Fig 13-17: Retro aldol condensation in caramelization
O
O
CH3 C H + CH3 C H

OH
O
CH3 CH CH2 C H

Acetaldehyde Acetaldehyde

3-hydroxybutanol

3

2

Fig. 13-18: Example of aldol condensation

1
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H C O
CHOH
H C O
(CHOH)4

(OH )

CH2OH
Aldose

CH2OH
+
CH2OH

H C O*
or

C O

H C O*

etc.

H C O

CH3

C O
CHOH

Fig. 13-19: Example of radical reaction in caramelization
The key intermediates of the thermal caramelization are dicarbonyls such as the
osuloses, resulting from sequential loss of water from sugar molecule (Fig. 13-16).
These not only lead to the formation of caramel color but also give rise to the
important volatile products which are typical of caramel flavor.
Some typical components of caramel flavor are shown in Fig. 13-20. There are 4
general categories: furans, furanones, pyranones, and carbocyclics.
The relative proportions of these compounds can be influenced by the temperature
and whether the conditions are acidic or basic. While the thermally and/or acidinduced dehydration and cyclization reactions dominate, there is an increased
tendency for cleavage of the carbon chain of the sugar under basic conditions. Thus,
depending on the reaction conditions, one finds derivatives of furan, such as
hydroxymethylfurfural (HMF) and hydroxyacetylfuran (HAF), furanones such as
hydroxydimethylfuranone (HDF), dihydroxydimethylfuranone (DDF) and the
pyranones (maltol) from disaccharides and (hydroxymaltol) from monosaccharides.
It has been proposed that a structure of the type CH3CH=CHCH(OH)(C=O)- is
responsible for the characteristic caramel flavor (i.e., this moiety is part of the
structure of HDF).
HO

O

O
HO

H3C

O

CH3

Hydroxydimethylfuranone
(HDF)

OH

O
H3C
5-hydroxy-5,6-dihydromaltol

Fig. 13-20: Some caramel flavors
ASCORBIC ACID OXIDATION
Ascorbic acid is a reductone and therefore can participate in the browning reaction as
in Maillard reaction. The molecule is first oxidized to dehydroascorbic acid and then
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transformed into diketogulonic acid. This acid is eventually decomposed to
furfuraldehyde or related compounds which then polymerize or react with nitrogen (as
in Maillard reaction) to from brown pigments. The color formation may also involve
Strecker degradation. This type of browning is observed during drying of vegetables.
The following set of reactions (Fig. 13-21) is known as ascorbic acid browning:
CH2OH
HCOH
O

O
C OH
O
H2O
O C
CO2 O
O
O C
H
H C OH
HO
HO C H
O O
CH2OH
Dehydroascorbic acid Diketogulonic acid

CH2OH
HCOH
2H
O
O

Ascorbic acid

C H
H 2O
C
C OH
O
C H
CH2OH

C

O
H

Furfural

Fig. 13-21: Oxidation and decarboxylation of ascorbic acid
This can lead to off flavors and to first red and then brown colors in food products.
LIPID PEROXIDATION
Lipid peroxidation occurs by the action of oxygen and reactive oxygen species on
the fatty acids, especially unsaturated fatty acids. These are oxidized to form
aldehydes and ketones which then react with amino acids to form brown pigments,
as in the Maillard reaction. It is possible that peroxidation products induce the
browning reaction of the Amadori products.
ENZYMATIC (ENZYMIC) BROWNING
Enzymatic browning is a chemical process involving polyphenol oxidase or other
enzymes that create melanins, resulting in a brown color. Enzymatic browning is an
important color reaction in fruits, vegetables, and seafoods (e.g., shrimps). Enzymatic
browning of fruits and vegetables creates heavy economic losses for growers.
Enzymatic browning occurs in many tissues whenever they are injured. The injury
can be the result of bruising, cutting, freezing, or disease. The discoloration is the
result of oxidation of colorless native phenolic compounds by enzymes collectively
called polyphenol oxidase (PPO). These enzymes are also frequently called
catecholase, tyrosinase, phenolase, and polyphenolase but the official name is
ortho-diphenol: oxidoreductase. The reaction requires oxygen for browning to take
place but carbohydrates are not essential as in non-enzymatic browning.
Although termed enzymatic browning, the reaction is more often of mixed type.
The so-called enzymatic browning typically involves enzymatic oxidation,
rearrangement of groups, nonenzymatic oxidation, and polymerization.
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Polyphenol oxidase (PPO) is present in most foods. It is a mixed-function oxidase
that participates only in the beginning phase of oxidation as it catalyzes the change
of monophenols to diphenols which are then changed to highly reactive, colored
orthoquinones. These then react with other orthoquinones, amino acids, reducing
sugars, etc., to form polymers (termed melanins) that precipitate, leaving the dark
discoloration.
The substances that PPO reacts with (substrates) are different phenols present in
fruits and vegetables at the same time as the polyphenol oxidase. But only when
the tissues are disrupted or destroyed do the compounds come in contact with each
other and cause oxidative browning. Some examples of the substrates are catechol,
tyrosine, 3,4-dihydroxyphenylalanine, caffeic acid, chlorogenic acid, gallic acid,
phloroglucinol, and a number of anthocyanins and flavonoids. Structures of some
of them are given in Fig. 13-22.
Not all polyphenol oxidase catalyze the oxidation of the same phenols. The
polyphenolase present in fruit tissues is not always identical and that the substrates
they affect may well be quite different in different plants.
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2'
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7

A

6
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5'
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O
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R1
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HO

O

R2
OH

OH O

R1

R2

OH
Quercetin
OH
Myricetin
Kaempferol H

H
OH
H

Fig. 13-22: Structures of some polyphenols
The browning of fruits and vegetables is undesirable and so each is handled
carefully to avoid tissue injury. But in some instances, such as with cocoa and tea,
browning is important to flavor and color development and so the tissues of these
plants are purposely damaged.
The amount of browning depends on the concentration and nature of polyphenol
compounds that are present. Enzymatic activity determines the amount of initial
browning. Substrates also determine what color the discoloration will be. Apples,
apricots, peaches, and pears will turn brown but never black. But bananas and
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potatoes will first turn pink and then brown and will eventually turn black, which is
the polymer melanin.
The maturity of a fruit is a factor in the amount of browning in a fruit or vegetable.
Persimmons, apples, potatoes and bananas have been shown to increase in
browning as they ripen, but then decrease as the amount of substrate decreases with
maturity. Different varieties of the same fruit or vegetable may brown at different
rates.
Different preparation methods can affect the amount of browning. With potatoes, a
sharp knife will cause less tissue damage than abrasive peeling or steam peeling and
so will not show as much browning. Freezing a fruit or vegetable will cause damage
to tissues and so when the temperature rises and enzymes are active again, more
browning will occur.
CHEMICAL REACTION
Two reaction steps are involved in the phenolase catalytic reaction, viz.,
1. Hydroxylation
2. Oxidation
Hydroxylation of monophenols is slow and rate-determining step in reaction.
Besides tyrosine, major substrates of phenolases in plant include caffeic acid,
chlorogenic acid and protocatechuic acid which are abundant in plants. But
tyrosine and chlorogenic acid are the two most prevalent substrates for phenolase
due to their relatively high reaction rates. Phenolase is active in pH 5-7, and may
be irreversibly inactivated at pH lower than pH 3. A generalized scheme of
enzymatic browning for monophenol is given in Fig. 13-23 and a specific example
for tyrosine is given in Fig. 13-24.
OH
R
Monophenol (colorless)
Amino acids
Proteins

PPO+O2
OH

PPO+O2

R
OH
Diphenol (colorless)

O

R
O
o-quinone (colored)

Complex,
brown
polymers

Reducing agent

Fig. 13-23: Generalized scheme for enzymatic browning
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N
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DOPA = Dihydroxyphenylalanine (abbreviation of 2-amino-3(3,4-dihydroxyphenyl)propionic acid
Fig. 13-24: Enzymatic browning from tyrosine
PREVENTION OF ENZYMATIC BROWNING
O-quinones are very reactive and undergo spontaneous polymerization to form
melanins (Fig. 13-25). The enzyme polyphenolase requires oxygen and copper for
reaction. Some of the methods for controlling browning are:
1. Use of chelating agents (e.g., EDTA) to bind and remove copper
2. Vacuum or inert gas packaging to avoid the effect of oxygen
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3.
4.
5.
6.

Inactivation of polyphenolase by heat treatment (blanching)
Storage at low temperature to reduce the rate of enzyme action
Avoiding injury to foods during handling, storage, and transportation
Drying by physical or chemical (e.g., use of salts) means to reduce water
activity below that required for enzyme action
7. Irradiation
8. High pressure treatment
9. Use of browning inhibitors like SO2, ascorbic acid, phenolic antioxidants,
acidulants (e.g., citric acid)
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APPENDIX
NUTRIENT CONTENT OF NEPALESE FOODS, HMG-N (2043)
CEREAL AND CEREAL PRODUCTS
Common name
Bajra
Barley
Buck wheat
Foxtail millet
Jowar
Maize, dry
Maize flour, white
Maize flour, yellow
Maize, granular
Maize, tender
Oatmeal
French millet
Ragi (finger millet)

Edible
part, %
84
100
74
79
100
100
100
100
100
37
100
59
100

Moisture, Protein,
g
g
12.4
11.6
12.5
11.5
11.3
10.3
11.2
12.3
11.9
10.4
14.9
9.1
12
9.2
12
9.2
12
9
67.1
4.7
10.7
13.6
11.9
12.5
13.1
7.3

Fat,
g
5
1.3
2.4
4.3
1.9
3.6
3.9
3.9
3.4
0.9
7.6
1.1
1.3

Ash,
g
2.3
1.2
2.3
3.3
1.6
1.5
1.2
1.2
1.1
0.8
1.8
1.9
2.7

Fiber,
g
1.2
3.9
8.6
8
1.6
2.7
1.6
1.6
1
1.9
3.5
2.2
3.6

Carb,
g
67.5
69.6
65.1
60.9
72.6
66.2
73.7
73.7
74.5
24.6
62.8
70.4
72

Energy,
kcal
361
336
323
331
349
342
355
355
362
125
374
341
328

Ca,
mg
42
26
64
31
25
10
20
20
17
9
50
14
344

P,
mg
296
215
355
290
222
348
255
256
223
121
380
206
283

Fe,
mg
5
3
15.5
12.9
5.8
2
2.4
2.4
1.8
1.1
3.8
5
6.4
2.8

Rice, parboiled, pounded

100

12.6

8.5

0.6

0.9

--

77.4

349

10

280

Rice, parboiled, milled

100

13.3

6.4

0.4

0.7

0.2

79

346

9

143

4

Rice, hand-pounded
Rice, raw, milled
Rice, flakes
Rice, puffed
Rice bran
Semolina
Sorghum milled
Uwa, white
Uwa, black
Vermicelli
Wheat flour, whole
Wheat flour, refined
Wheat germ
Wheat bran
Biscuits, salty
Biscuit, sweet
Bread, brown
Bread, white
Papad
Instant noodles

100
100
100
100
-100
-100
100
100
100
100
100
-100
100
100
100
100
100

13.3
13.7
12.2
14.7
11
-14.3
10.9
12.1
11.7
12.2
13.3
5.2
11.9
4.5
5.4
39
39
20.3

7.5
6.8
6.6
7.5
13.5
10.4
7.6
12.61
10.39
8.7
12.1
11
29.2
14.6
6.6
6.4
8.8
7.8
18.8

1
0.5
1.2
0.1
16.2
0.8
2.4
1.6
1.75
0.4
1.7
0.9
7.4
3
32.4
15.2
1.4
0.7
0.3

0.9
0.6
2
3.8
6.6
-1
2.1
2.33
0.7
2.7
0.6
3.5
4.5
1.9
1.1
--8.2

0.6
0.2
0.7
0.3
4.3
0.2
0.6
2.3
2.51
0.2
1.9
0.3
1.4
6.8
--1.2
0.2
--

76.7
78.2
77.3
73.6
48.4
74.8
74.7
70.5
70.9
78.3
69.4
73.9
53.3
66
54.6
71.9
49
51.9
52.4

346
345
346
325
393
348
357
346
340
352
341
348
397
207
534
450
244
245
288

10
10
20
23
67
16
17
25
20.3
22
48
23
40
132
--18
11
80

190
160
238
150
1410
102
196
--92
355
121
846
975
----300

3.2
3.1
20
6.6
3.5
1.6
3.6
4.12
7.48
2
11.5
2.5
6
13.8
--2.2
1.1
17.2

Values are per 100g edible portion
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VEGETABLES (NATIVE)
Common name
Armale
Asparagus
Bander bheti
Bandari sag
Bantarul
Betha sag
Bhringraj
Chamsur jhar
Chinia
Chitlang sag
Chutro
Damaiphal
Frase tarul
Gande
Ghod tapre
Ginare, dried
Githa
Guyenlo
Halhale sag
Jamun
Kali kath
Kali mayal
Kamal phal
Kane sag
Kavro
Khaneo
Koiralo
Kukur diano
Latte sag, green
stem
Latte sag, red stem
Lude sag
Malsahare
Mayal
Neuro (niguro)
Phaphar sag
Pidale
Pudina
Rato tarul
Sati bayer
Sisnu
Siplicane
Tarul githa
Tarul munta
Theki phal
Thutne
Timila, pakche
Timila, wakche
Vyakur
Vyakur githa
Vyakur jhutre

Edible
part, %

Moisture, g

Protein, g

Fat, g

--51.48
-------------74
-----100
--100
---

93
92.9
56.2
90
76.2
78
84.9
86.6
81.5
87.5
72
85
75
82
79
7.2
1.5
68
90
87
65.4
69
81.7
91
69
85.1
84.3
93

2
2.1
2.4
3.5
1.7
7.1
3.1
3.6
6.1
2.4
2.5
0.5
1.6
2.1
3
22
0.1
4.6
3.1
4
1.5
0.7
1.8
2.3
2.8
1.4
1
1.6

traces
0.3
0.2
0.3
0
traces
0.8
0.6
traces
0.2
6.9
0.3
traces
0.3
0.2
traces
0.8
0.7
0.3
traces
0.7
traces
0.3
0.1
traces
0.3
3.4
traces

1.5
0.7
0.7
1.3
3.1
3.6
2.7
2.3
2.2
2
1
0.8
0.7
2
1.5
21.1
1.3
1
1.3
1.6
1.1
0.7
1
1.6
0.8
1.3
2
0.6

-----------------------

78
81
83.9
80
79.8
88
90
93
87
74
52.5
81.7
84
76
89
88.3
91
88
88
77
80.7
78

6.4
4.4
4.7
3.3
0.4
4.4
3.9
2.2
4.5
1.9
2.8
6.9
6.3
2.2
2.8
0.5
1.5
1.1
1
1.6
2
1.5

traces
traces
0.2
0.05
0.2
0.2
0.1
0.1
0.1
traces
0.1
0.5
0.2
traces
0.05
0.1
traces
0.3
0.4
traces
0.05
traces

3
2.9
2.8
0.9
0.4
1.3
1.9
1.5
1.9
0.7
2
4.2
1.9
0.9
1.1
0.9
0.8
0.7
0.8
0.6
0.9
0.8

Values are per 100g edible portion

Minerals, g Fiber, g

Carb, g

Energy,
kcal

Ca, mg

1.4
0.9
3.1
0.8
1.3
2
1.7
1.2
1.5
1.1
1.4
1.7
1.5
2.5
2.6
12
22
7.8
1.3
1.4
5.7
8.3
4.7
1.7
1.6
6.1
0.8
0.8

2.1
3.8
27.3
4.3
17.7
8.8
6.7
5.7
8.7
6.7
16.2
11.5
21
11
13.6
37.7
96
17.9
3.8
6
25.4
21.3
10.3
3.2
25.8
5.6
8.1
2.8

16.4
27
320
33
77
64
46
43
59
38
87
51
91
55
68
238
-96
31
40
114
89
51
23
114
31
54
17

20.5
22.5
45.1
89
43
400
224
382
-105
-60
--20505
2032.4
-70.2
76.6
-95.1
-21.1
86
-180.7
75.9
20.1

1.2
2.4
1.1
1.6
2.9
1.8
1
0.8
1.8
0.2
10
1.4
1.8
1.8
1.6
2.4
0.9
2.7
1.6
-1.8
1.7

11.4
9.3
7.1
14.1
16.2
4.2
3.8
2.4
4.6
2.3
32.2
5
5.8
19
5
7.5
5.8
7.2
7.4
-14
18

71
48
49
70
68
36
12
19
38
100
142
53
50
85
33
33
29
37
37
-66
78

--406.1
--30
----170.5
981.3
196
--35.1
21.8
------
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MEAT, FISH AND EGG
Common name

Edible Moisture,
part, %
g

Buffalo meat
Duck meat
Egg, duck
Egg, hen
Field rat's meat
Finch
Goat meat
Goat liver
Mutton, muscle
Pigeon
Pork, muscle
Snail, small
Snail, big
Turtle
Venison
Chicken
Bam fish
Crab, small
Hilsa fish
Katla fish
Koi fish
Mungri fish
Prawn
Rahu fish
Singhi fish
Tengra fish, fresh

----------------------45
78
---

78.7
72.3
71
73.7
73.9
68.8
74.2
76.3
71.5
70.4
77.4
78.9
74.1
79.4
75.3
66
74.8
65.3
53.7
73.7
70
78.5
77.4
76.7
68
70

Protein,
g

Fat,
g

Ash,
g

Fiber,
g

Carb,
g

Energy,
kcal

Ca,
mg

P,
mg

Fe,
mg

19.4
21.6
13.5
13.3
23.6
26.6
21.4
20
18.5
23.3
18.7
12.6
10.5
16.5
21
20.2
16.1
11.2
21.8
19.5
14.8
15
19.1
16.7
22.8
19.2

0.9
4.8
13.5
13.3
1
3
3.6
3
13.3
4.9
4.4
1
0.6
1.5
0.6
12.6
0.9
9.8
19.4
2.4
8.8
1
1
1.4
0.6
6.4

1
1.2
1
1
1.4
1.7
1.1
1.3
1.3
1.4
1
3.8
2.4
1.1
1.2
1
1.3
4.6
2.2
1.5
2
1.3
1.7
0.9
1.7
2.1

---------------------------

-0.1
0.8
-0.1
------3.7
12.4
1.5
1.9
-6.9
9.1
2.9
2.9
4.4
4.2
0.8
4.4
6.9
2.3

86
130
181
173
104
133
118
107
194
137
114
74
97
86
97
195
100
169
273
111
156
86
89
97
124
144

3
4
70
60
30
90
12
17
150
12
30
1321
870
7
3
-330
1606
180
530
410
210
323
650
670
270

189
235
260
220
242
347
193
279
150
290
200
147
116
162
233
-240
253
280
235
390
290
278
175
650
170

--3
2.1
----2.5
-2.2
-----0.8
-2.1
0.9
1.4
0.7
5.3
1
2.3
2

SUGAR AND SUGAR PRODUCTS
Product
Cane sugar
Honey
Sugarcane juice
Jaggery (cane)

Edible
part, %

Moisture,
g

Protein,
g

Fat,
g

Ash,
g

Fiber, g

Carb, g

Energy,
kcal

Ca, mg

P,
mg

Fe, mg

100
----

0.4
20.6
90.2
3.9

0.1
0.3
0.1
0.4

0
0
0.2
0.1

0.1
0.2
0.4
0.6

0
----

99.4
79.5
9.1
95

398
319
39
383

12
5
10
80

1
16
10
40

-0.9
1.1
11.4

SOME INDIGENOUS FOODS
Food

Prot, g Fat, g

Ash, g Fiber, g Carb, Energy, Ca, mg
g
kcal

Edible
part, %

Moist,
g

Areca nut
Betel leaves
Coconut, tender
Coconut water
Groundnut cake
Gundruk, mustard leaves
Pumpkin seeds
Masyaura

---100
--70
--

31.3
85.4
90.8
93.8
7.2
11.8
8
9.1

4.9
3.1
0.9
1.4
10.9
-24.3
21.2

4.4
0.8
1.4
0.1
7.4
-47.2
4.1

1
2.3
0.6
0.3
2.5
-4.7
--

11.2
2.3
-0
3.2
-0.2
--

47.2
6.1
6.3
4.4
38.8
-15.6
--

249
44
41
24
386
-584
--

Mushroom

88

88.5

4.6

0.8

1.4

0.4

4.3

43

Values are per 100g edible portion

P, mg

Fe, mg

50
230
10
24
213
2458
50
478.1

130
40
30
10
548
-830
--

1.5
7
0.9
0.1
-94.3
5.5
44.9

6

110

1.5
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NUTRIENT CONTENT OF NEPALESE FOODS, HMG-N (2043)
OTHER VEGETABLES, ROOTS AND TUBERS
Common name
Agathi flower
Ashgourd
Bittergourd
Bottle gourd
Brinjal
Broad beans
Cauliflower
Celery stalks
Cho-cho marrow
Cluster beans
Colocasia stems
Cowpea pods
Cucumber
Double beans
Drumstick
Drumstick flowers
Field beans, tender
French beans
Giant chillies (capsicum)
Jack, tender
Karonda, fresh (natal palm)
Ol-k
Ladies finger
Lakooch, raw
Leeks
Lotus stem, dry
Mango, green
Onion stalks
Papaya, green
Parwar
Peas
Pink beans
Plantain flower
Plantain stem
Pumpkin
Pumpkin flowers
Rape plant, stem
Red gram, tender
Ridge gourd
Sannhemp flowers
Silk cotton flowers
Snake gourd
Spinach stalks
Sword beans
Tinda, tender
Tomato, green
Vegetable marrow
Water chestnut, dry
Water lily flower
Banana rhizome

Edible
part, %

Moist,
g

Prot,
g

Fat,
g

Ash,
g

Fiber,
g

Carb,
g

Energy,
kcal

Ca, mg

P,
mg

Fe, mg

-67
97
86
91
88
70
---86
-83
-83
-93
94
94
-98
74
84
--100
72
100
-95
53
94
43
-79
--72
82
--98
-98
99
98
94
38
-35

92.9
96.5
92.5
96.1
92.7
85.4
90.8
93.5
92.5
81
94
85.3
96.3
73.8
86.9
85.9
86.1
91.3
91.3
84
91
92.7
89.6
89.4
78.9
9.5
87.5
87.6
92
92
72.1
86.8
89.9
88.3
92.6
89.1
91.4
65.1
95.2
78.9
86.4
94.6
93.4
87.2
93.5
93.1
94.8
70
90.8
85.1

1
0.4
1.6
0.2
1.4
4.5
2.6
0.8
0.7
3.2
0.3
3.5
0.4
8.3
2.5
3.6
3.8
1.7
1.7
2.6
1.1
1.1
1.9
1.6
1.8
4.1
0.7
0.9
0.7
2
7.2
3.1
1.7
0.5
1.4
2.2
3.1
9.8
0.5
4.8
1.5
0.5
0.9
2.7
1.4
1.9
0.5
4.7
1.6
0.4

0.5
0.1
0.2
0.1
0.3
0.1
0.4
0.1
0.1
0.4
0.3
0.2
0.1
0.3
0.1
0.8
0.7
0.1
0.1
0.3
2.9
0.2
0.2
1.2
0.1
1.3
0.1
0.2
0.2
0.3
0.1
0.4
0.7
0.1
0.1
0.8
0.1
1
0.1
0.6
0.3
0.3
0.1
0.2
0.2
0.1
0.1
0.3
0.6
0.2

0.4
0.3
0.8
0.5
0.3
0.8
1
0.9
0.4
1.4
1.2
0.9
0.3
1
2
1.3
0.9
0.5
0.5
0.9
0.6
0.7
0.7
1.1
0.7
8.7
0.4
0.8
0.5
0.5
0.8
0.6
1.3
0.6
0.6
1.4
1.4
1
0.3
1.4
0.7
0.5
1.8
0.6
0.5
0.6
0.3
1.1
0.7
1.4

0.8
0.8
0.8
0.6
1.3
2
1.2
1.2
0.6
3.2
0.6
2
0.4
4.3
4.8
1.3
1.8
1.8
1.8
2.8
1.5
1.5
1.2
2.8
1.3
2.5
1.2
1.6
0.9
3
4
2.1
1.3
0.8
0.7
0.7
-6.2
0.5
3.9
1.6
0.8
-1.5
1
0.7
0.8
0.6
0.9
1.1

4.4
1.9
4.2
2.5
4
7.2
4
3.5
5.7
10.8
3.6
8.1
2.5
12.3
3.7
7.1
6.7
4.5
4.5
9.4
2.9
3.8
6.4
13.9
17.2
51.4
10.1
8.9
5.7
2.2
15.9
7
5.1
9.7
4.6
5.8
4
16.9
3.4
10.4
9.5
3.3
3.8
7.8
3.4
3.6
3.5
23.3
5.4
11.8

26
10
25
12
24
48
30
18
27
60
18
43
13
85
26
50
48
26
26
51
42
21
35
73
77
234
44
41
27
20
93
44
34
4.2
25
39
29
116
17
66
47
18
20
44
21
23
17
115
33
51

9
30
20
20
18
50
33
30
140
130
60
72
10
40
30
51
210
50
50
30
21
20
66
67
50
405
10
50
28
30
20
54
32
10
10
120
100
57
18
200
22
26
90
60
25
20
10
20
29
25

5
20
70
10
47
64
57
38
30
57
20
59
25
140
110
90
68
28
28
40
28
35
56
25
70
128
19
50
40
40
139
70
42
10
30
60
100
164
26
100
45
20
20
40
24
36
30
150
18
10

-0.8
1.8
0.7
0.9
1.4
1.5
4.8
0.6
4.5
0.5
2.5
1.5
2.3
5.3
-1.7
1.7
1.7
1.7
-0.4
1.5
-2.3
60.6
5.4
7.4
0.9
1.7
1.5
1.5
1.6
1.1
0.7
-1.2
1.1
0.5
--0.3
1.6
2
0.9
1.8
0.6
0.8
-1.1

Values are per 100g edible portion ( continued….
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….. continued) OTHER VEGETABLES, ROOTS AND TUBERS
Common name
Beet root
Carrot
Colocasia
Garlic, dry
Ghartarul
Githa
Lotus root
Mango ginger
Onion big
Onion small
Potato
Potato, boliled, without skin
Potato chips, fried
Radish, pink
Radish rat-tailed
Radish, white
Rani bhyakur
Sweet potato
Sweet potato, boiled
Turnip
Yam elephant
Yam, wild

Edible
part, %

Moist,
g

Prot,
g

Fat,
g

Ash, g

Fiber,
g

Carb,
g

85
95
-85
100
66
-87
95
-85
--98
-99
78
97
-65
-89

87.7
86
73.1
62
58.61
68.31
85.9
85
86.6
84.3
74.4
81
4.2
90.8
92.3
94.4
72.72
68.5
70.7
91.6
75.7
70.4

1.7
0.9
3
6
4.07
3.72
1.7
1.1
1.2
1.8
1.6
1.9
3.6
0.6
1.3
0.7
2.29
1.2
1
0.5
1.2
2.5

0.1
0.2
0.1
0.1
0.07
0.94
0.1
0.7
0.1
0.1
0.1
0.1
4.38
0.3
0.3
0.1
0.16
0.3
0.1
0.2
0.01
0.3

0.8
1.1
1.7
1
2.06
0.93
0.2
1.4
0.4
0.6
0.6
0.7
2.5
0.9
0.7
0.6
1.41
1
0.8
0.6
0.8
1.4

0.9
1.2
1
0.8
2.56
0.91
0.8
1.3
0.6
0.6
0.4
0.3
0.9
0.6
1.1
0.8
0.7
0.8
0.6
0.9
0.8
1

8.8
10.6
21.1
29.8
32.6
25.19
11.3
10.5
11.1
12.6
22.6
16.3
45.9
6.8
4.3
3.4
22.71
28.2
27.4
6.2
18.4
24.4

Values are per 100g edible portion

Energy, Ca, mg
kcal
43
48
97
145
147
124
53
53
50
59
97
72
562
32
25
17
101
120
114
29
79
110

18
80
40
30
69.8
12.41
21
25
47
40
10
7
18
50
78
35
24.71
46
36
30
50
20

P,
mg

Fe,
mg

55
530
140
310
--74
90
50
60
40
44
74
20
24
22
-50
56
40
34
74

1
2.2
1.7
1.3
24.03
0.95
0.4
2.6
0.7
1.2
0.7
0.8
1.6
0.5
-0.4
8.38
0.8
0.9
0.4
0.16
1

INDEX
5-hydroxymethylfurfural ...................... 30
Acesulfame K ...................................... 213
Adulteration .......................... 52, 106-108
Agar ........................................ 56, 57, 221
Agaropectins ......................................... 57
Agarose ................................................. 57
Alanine ............................................ 59, 65
Albumin........................................... 80, 89
Alcohol .. 16, 47, 106, 107, 123, 138, 157,
171, 183, 205, 227
Aldehyde ..... ..6, 7, 9, 10, 15, 19, 68, 149,
157, 183, 227
Aldol condensation ............................. 227
Aldose ................ 7, 10, 12, 225, 226, 233
Alginic acid ................................... 55, 221
Amadori products ....................... 228, 236
Amino acids ... 1, 4, 58-65, 68- 73, 79, 82,
83, 86, 89, 90, 149, 174, 176, 178,
224, 225, 229, 232, 233, 236, 237
Amylases ............................................... 31
Amylopectin ..... 26, 27, 29, 31, 32, 36, 53
Amylose.........................26, 27, 30, 36, 53
Annatto........................................ 193, 194
Anomeric carbon ............................ 12, 15
Anomerism ............................................ 12
Anthocyanins ...... 182, 187-189, 191, 237
Anthoxanthins ..................................... 189
Anthrone test......................................... 13
Antibodies ............................... 58, 65, 180
Antioxidants 1, 91, 98-100, 121-123, 162,
164, 170, 181, 184, 206, 214, 230,
240
Arabinose ............................6, 45, 53, 230
Arachidonic acid .................... 97, 98, 118
Arginine ............................61, 68, 80, 224
Ascorbic acid ..............181, 215, 225, 235
Ascorbic acid browning ..................... 236
Ash ................. 40, 51, 153, 154, 155, 156
Asparagine ............................................ 59
Aspartame ........................................... 212
Aspartic acid ................................... 61, 88
Asymmetric carbon ............... 7, 10, 11, 12
Autoxidation ...... 116, 117, 120, 121, 123

Bacteria ..... …31, 55, 123, 165, 166, 175,
177, 179, 182, 184, 216
Bagasse ........................................... 23, 42
Benedict test ........................................... 9
Beri beri.................................................. 4
Biomagnification ................................ 141
Biomolecules .............................. 1, 4, 197
Biotin .................................. 167, 175, 217
Biuret method ....................................... 82
Bixin.................................................... 193
Bleaching ............................ 113, 114, 189
Bound water ....................................... 195
Browning ...................................... 37, 224
Calcium .... 137, 141, 142, 154, 155, 161,
217, 219
Calcium saturation ............................. 136
Caramel..36, 191, 192, 207, 224, 233235
Carbohydrates .....1, 6, 10, 11, 78, 80, 98,
132, 149, 170-173, 176, 181, 191, 224,
233, 236
Carbonation ................................... 23, 24
Carboxylic acid .................................... 64
Carboxymethyl cellulose ...................... 45
Carob bean gum ................................... 54
Carotenoids ..... ..113, 120-123, 157, 158,
159, 160, 182-186, 191, 193
Carrageenan............................. 54, 55, 56
Casein ......................... 56, 65, 81, 86, 132
Cassava .......................................... 26, 32
Catalytic site......................................... 73
Cellobiose ......................................... 6, 21
Cellulose... 25, 26, 42-47, 49, 52, 53, 129,
184, 219, 221
Centrifugal separator........................... 33
Centrifuge ............................................. 35
Cereals.................................................... 3
Chance additives ........................ 205, 206
Cheese . 25, 54, 57, 58, 81, 116, 194, 216
Chloride ...................................... 151, 154
Chlorophylls ....................................... 182
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Cholesterol ..... ..16, 46, 50, 98, 149, 151,
164, 171, 173, 176, 181, 215, 217
Chromium ...........................142, 145, 154
Coenzyme A ........................................ 173
Collagens ........................................ 79, 89
Complete protein .................................. 62
Configuration .....................7, 11, 95, 163
Conformation.... 7, 12, 43, 66, 72, 73, 79,
129
Conjugated proteins ............................. 79
Copper ........................117, 142, 145, 154
Corn ... 18, 21, 26, 32-37, 40, 62, 99, 124,
126, 172, 185, 209, 221, 233
Cornsteep liquor ................................... 35
Crude fiber................................ 49, 51, 52
Crude protein ........................... 49, 84, 85
Cyanocobalamin ................................. 179
Cyclamate ........................................... 212
Cysteine ............. 61, 68, 79, 80, 149, 218
Cystine ...................................... 61, 79, 80
Dean and Stark ........................... 201-203
Debranching enzymes .......................... 31
Defecation................................. 23, 43, 50
Denaturation......................................... 66
Deodorization ............... 98, 113-115, 164
Derived proteins ................................... 79
Desiccator........................................... 203
Dextrin ........................................ 6, 31, 32
Dextrorotatory ....... 8, 11, 18, 19, 21, 175
Dextrose ....... 8, 37, 38, 41, 138, 217, 233
Diabetic .................................... 8, 16, 144
Dicarbonyl compounds .............. 226, 229
Dietary fiber ................. 36, 43, 46, 49-51
Diglycerides.......................... 93, 125, 219
Direct Additives .................................. 205
Disaccharides ..... ..10, 17, 19, 21, 22, 30,
232, 235
Distillation .......................................... 201
Disulfide bond ................................ 69, 72
Diunsaturated fatty acids ..................... 94
Docosahexaenoic acid........................ 101
Dough improvers ................................ 217
Dry ashing .................................. 154, 155
Drying oil............................................ 102

Egg box model .................................... 135
Eicosapentaenoic acid ....................... 101
Elaidic acid .......................................... 97
Elastins ........................................... 79, 89
Emulsifiers .....1, 126, 127, 193, 206, 219,
220
Enantiomer ........................................... 11
Enolization ................................... 14, 228
Enriched foods ................................... 216
Enzymatic browning ........... 224, 236, 239
Enzymes ....…5, 15, 17, 30, 31, 39, 41-44,
49, 58, 65-68, 73, 79, 88, 116, 120,
121, 138-141, 143-145, 147, 148,
149-151, 165, 168, 170, 171, 174, 175,
180, 181, 197, 199, 218, 221, 236,
238
Epimer .................................................. 16
Equilibrium relative humidity ............ 198
Essential amino acids..................... 61, 62
Essential fatty acids ......................... 4, 95
Exoamylases ......................................... 31
Fatty acid…4, 58, 92-94, 96, 101, 103,
105-107, 111, 117, 120, 219, 220
Fearon’s test......................................... 19
Fehling test ....................................... 9, 21
Fibrous proteins ............................. 70, 79
Fischer projection ........................ 8, 9, 16
Fluoride .............................. 142, 146, 154
Folacin................................................ 176
Food additives .......16, 17, 205, 206, 215,
216, 221
Food composition data .......................... 1
Formol titration .................................... 82
Fortified foods .................................... 216
Free radical ................ 116, 117, 121, 164
Free water .......................................... 195
Fructose… ... 6, 10, 14-18, 25, 37, 41, 42,
64, 202, 209, 230
Fructose intolerance ............................ 16
Full-miscella....................................... 110
Furanose..................................... 7, 12, 15
Galactose ..... 6, 11, 17, 19-21, 46, 53, 55,
187
Galactosuria ......................................... 21

INDEX

Gelatin ................. 57, 67, 79, 80, 90, 221
Gelatinization ................................. 29, 30
Gelation .......................... 57, 67, 134-136
Globular proteins ..................... 70, 79, 80
Globulins ........................................ 79, 80
Glucoamylases................................ 31, 32
Glucose .. .4-23, 25-27, 30, 36, 38-46, 4850, 58, 64, 69, 137, 145, 162, 168,
174, 176, 187, 189, 191, 230-232
Glucose syrup ....................................... 41
Glutamic acid . 36, 61, 62, 165, 166, 176,
177, 214
Glutamic acid ................................. 59, 65
Glutamine ....................................... 61, 89
Glutathione ................................... 63, 170
Gluten ................. 32, 33, 35, 89, 217-219
Glutenin .......................................... 80, 89
Glyceraldehyde ................................... 7, 8
Glycerides ..................................... 93, 113
Glycine ............... 61, 63, 64, 80, 230, 232
Glycogen ................................... 6, 49, 174
Glycoprotein ............................. 53, 80, 87
Gramicidin ............................................ 63
GRAS ..........................191, 214, 221, 222
Guar gum .............................................. 54
Gum arabic ........................................... 53
Gums ... 17, 36, 49, 52, 53, 114, 166, 215,
220, 221
Half-miscella ...................................... 110
Haworth formula .................... 8, 9, 16, 20
Hemicellulose ........................... 45, 46, 49
Hemoglobin… ..... 5, 64, 73, 80, 141, 143,
146, 148, 149, 160, 174, 180, 182
Heteropolysaccharides ......................... 25
Heyns rearrangement ................. 226, 228
HFCS ..........................18, 37, 41, 42, 209
High methoxyl pectin .......................... 133
Histidine.................................. 61, 82, 224
Histones .................................. 79, 80, 176
Homopolysaccharides .......................... 25
Hot air oven ........................................ 202
Hot plate method ................................ 202
Humectants ......................................... 220
Hydroclone ........................................... 33
Hydrogen bond .. 66, 67, 70, 72, 196, 197
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Hydrogenation............................. 111-113
Hydrolytic rancidity ........... 116, 121, 123
Hydroperoxides .......... 117, 119-121, 170
Immiscible solvent ...................... 201, 202
Indirect additives................................ 205
Induction period ......... 117, 120, 121, 123
Infrared ....................................... 203, 204
Insulin ....................... 16, 69, 70, 145, 162
Intermediate Moisture Foods............. 199
Inulin .................................................... 14
Invert sugar .......................................... 18
Invertase ................................... 17, 18, 64
Iodine ......... 103, 106, 142, 147, 148, 154
Iodine deficiency ................................ 147
Iodine number .................................... 106
Ion exchange resin ............................... 24
IR-moisture meter............................... 203
Iron ............................. 142, 148, 154, 217
Isoelectric pH ................................. 64, 67
Isoleucine ............................................. 61
Isomerism ................................... 8, 10, 12
Karl Fischer method .......................... 202
Keratins ................................................ 80
Ketohexose ........................................... 15
Ketone ................................. 6, 7, 9, 10, 68
Ketose ................................. 7, 10, 12, 225
Kirschner value .......................... 107, 108
Kjeldahl method ............................. 82, 84
Kreis test ............................................. 124
Lactase deficiency ................................ 20
Lactose.............. 6, 10, 17, 19-21, 25, 217
Lactosuria............................................. 21
Lakes ................................................... 209
Lard .................................... 101, 111, 125
Lauric acid ................................... 94, 101
Lecithin ............................... 100, 127, 219
Legumes .................................. 3, 144, 145
Leucine ......................... 61, 176, 230-232
Levorotatory ................................... 11, 15
Lignin...................................44, 45, 47-49
Limit dextrin ......................................... 32
Limiting amino acids ............................ 90
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Linoleic acid ... 95, 97, 98, 101, 111, 112,
116, 118, 120
Linolenic acid… ..... 95, 97, 98, 101, 102,
111, 112, 123
Lipase .......................................... 120, 123
Lipid peroxidation ...................... 225, 236
Lipids .... 1, 36, 78, 81, 91, 116, 164, 181,
185
Lipoproteins.................................. 81, 164
Lipoxygenase ..............116, 120, 121, 183
Liquefaction .............................. 30, 39, 40
Locust bean gum ................................... 54
Low methoxyl pectin ........................... 133
Lysine ........................................ 59, 62, 65
Magnesium 141, 144, 145, 154, 182, 217
Maillard reaction… .... 68, 191, 225, 228230, 233, 235
Maltodextrin ......................................... 22
Maltooligosaccharides ......................... 23
Maltose .......... 6, 10, 17, 21-23, 31, 36, 38
Maltotriose ..................................... 23, 31
Manganese ..................142, 148, 149, 154
Mannose................. 11, 14, 16, 17, 45, 54
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